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Abstract
In the contribution, the results of CE8 test 2.2: current picture referencing (CPR) using reference picture index signaling are reported. In this approach, the current partially decoded picture is considered as a reference picture. The use of CPR is signaled by using a reference picture index pointing to this current reference picture. In this way, the syntax structure and decoding process of CPR mode are aligned with the regular inter mode. It is reported that under VTM configurations, the BD rate changes relative to the VTM anchors are:
· In AI, -1.26%/-20.65%/-53.88% for CTC/Class F/SCC 1080p classes, separately.
· In RA, -0.49%/-15.98%/-39.5614% for CTC/Class F/SCC 1080p classes, separately.
· In LB, -0.13%/-9.81%/-31.01% for CTC/Class F/SCC 1080p classes, separately.
It is also reported in this document that under BMS configurations, the BD rate changes relative to the BMS anchors are:
· In AI, -0.58%/-18.20%/-51.59% for CTC/Class F/SCC 1080p classes, separately.
· In RA, -0.19%/-14.52%/-3736.3185% for CTC/Class F/SCC 1080p classes, separately.
· In LB, -0.19%/-8.55%/-27.95% for CTC/Class F/SCC 1080p classes, separately.

Introduction 
Current picture referencing (CPR) or Intra block copy (IBC) [1] has been proposed during the standardization of HEVC SCC extensions [2]. It has been proved to be efficient when coding of screen content video materials. This method was previously proposed in JVET-J0029 and JVET-J0050 to address the need for efficient screen content coding. In this contribution, the method is implemented on the BMS software version 1.0 [8] and tested under CE8 test conditions [4]. In this proposal, the CPR mode is coded in the same way as the regular inter mode. For each block, the use of CPR mode is signaled by using a reference picture index, which points to the current picture itself.
Algorithm details
Decoder aspect:
In this approach, the current (partially) decoded picture is considered as a reference picture. This current picture is put in the last position of reference picture list 0. Therefore, for a slice using the current picture as the only reference picture, its slice type is considered as a P slice. The bitstream syntax in this approach follows the same syntax structure for inter coding while the decoding process is unified with inter coding. The only outstanding difference is that the block vector (which is the motion vector pointing to the current picture) always uses integer-pel resolution.
Changes from block level CPR_flag approach are:
· In encoder search for this mode, both block width and height are smaller than or equal to 16.
· Enable chroma interpolation when luma block vector is an odd integer number [5][6][7].
· Enable adaptive motion vector resolution (AMVR) for CPR mode when the SPS flag is on. In this case, when AMVR is used, a block vector can switch between 1-pel integer and 4-pel integer resolutions at block level.
Encoder aspect:
The encoder performs RD check for blocks with either width or height no larger than 16. For non-merge mode, the block vector search is performed using hash-based search first. If there is no valid candidate found from hash search, block matching based local search will be performed. 
In the hash-based search, hash key matching (32-bit CRC) between the current block and a reference block is extended to all allowed block sizes. The hash key calculation for every position in current picture is based on 4x4 blocks. For the current block of a larger size, a hash key matching to a reference block happens when all its 4×4 blocks match the hash keys in the corresponding reference locations. If multiple reference blocks are found to match the current block with the same hash key, the block vector costs of each candidates are calculated and the one with minimum cost is selected.
In block matching search, the search range is set to be 64 pixels to the left and on top of current block.
Simulations results
The proposed method is tested with both VTM and BMS configurations under common test conditions [3]. For tests in CE8, in addition to the sequences in CTC, both class F and additional 4 SCC 1080p sequences are to be tested.

Table I: RefIdx approach under VTM configurations (default search range = 64)



Table II: RefIdx approach under BMS configurations


Additional information
By adjusting the search range of block-matching based local search, the RD-performance of the proposed method vs its encoder complexity can be adjusted at different tradeoff points. Below are results for a few alternative search range assignments.
Table III: RefIdx approach under VTM configurations (search range = 16)


Table IV: RefIdx approach under VTM configurations (search range = 32)


Table V: RefIdx approach under VTM configurations (default search range = 64)


Table VI: RefIdx approach under VTM configurations (search range = 96)


Table VII: RefIdx approach under VTM configurations (search range = 128)


[bookmark: _GoBack]The runtime % increase vs. BD rate saving for three categories (CTC, class F and class SCC) in different search ranges are plot in Fig. 1 and Fig. 2.

Fig. 1: AI BD rate savings vs. run time increase in different operating points


Fig. 2: RA BD rate savings vs. run time increase in different operating points

Conclusion
In this contribution, an implementation of CPR mode using reference index signaling approach is proposed and tested. Large coding gains for screen content materials are observed from the simulation results. It is recommended to include this method into the test model for further consideration.
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All Intra Main10

Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y 5] \ EncT DecT
Class A1 -0.92% -1.57% -1.65% 180% 99% 13.35% 45.71% 40.85% 20% 48%
Class A2 -1.46% -2.75% -2.31% 171% 98% 10.52% 19.83% 15.01% 18% 55%
Class B -1.16% -2.57% -2.71% 173% 100% 9.77% 15.88% 20.95% 17% 53%
Class C -1.12% -1.58% -2.02% 164% 103% 11.28% 17.71% 22.51% 15% 59%
Class E -1.75% -2.51% -3.12% 175% 104% 13.69% 17.46% 20.36% 20% 52%
Overall -1.26% -2.20% -2.38% 172% 101% 11.48% 22.18% 23.53% 18% 54%
Class D -0.51% -0.93% -0.99% 164% 104% 9.96% 14.46% 16.86% 13% 60%
Class F (optional) | -20.65% -21.56% -21.54% 203% 99% -10.76% -4.40% -3.81% 21% 56%
Class SCC 1080p | -53.88% -54.40% -54.27% 220% 78% -30.19% -28.22% -27.57% 21% 55%
Random Access Main 10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y 5] \ EncT DecT
Class A1 -0.34% -0.72% -0.74% 108% 100% 19.74% 45.76% 48.43% 26% 41%
Class A2 -0.73% -2.00% -1.42% 109% 100% 23.50% 26.32% 18.49% 30% 39%
Class B -0.52% -2.03% -2.08% 114% 103% 17.89% 26.95% 29.30% 28% 42%
Class C -0.37% -1.27% -1.49% 120% 104% 14.41% 18.79% 22.26% 28% 45%
Class E
Overall -0.49% -1.56% -1.52% 113% 102% 18.46% 28.41% 29.09% 28% 42%
Class D -0.15% -0.97% -1.00% 124% 104% 15.67% 16.76% 19.09% 29% 45%
Class F (optional) | -15.98% -17.32% -17.22% 132% 105% -4.94% 1.28% 0.76% 27% 56%
Class SCC 1080p | -39.14% -40.40% -40.53% 131% 105% -21.36% -20.25% -20.58% 29% 62%
Low delay B Main10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y ) \ EncT DecT
Class A1
Class A2
Class B -0.15% -0.27% -0.26% 119% 99% 11.94% 11.51% 12.56% 31% 51%
Class C -0.12% -0.16% -0.33% 127% 100% 10.05% 9.35% 10.33% 36% 52%
Class E -0.10% -0.85% -0.44% 123% 102% 12.63% 9.54% 13.29% 34% 54%
Overall -0.13% -0.38% -0.33% 123% 100% 11.48% 10.30% 12.00% 33% 52%
Class D -0.13% 0.15% -0.50% 132% 103% 12.32% 10.45% 10.25% 43% 57%
Class F (optional) -9.81% -10.92% -10.61% 130% 102% 1.30% 3.91% 3.77% 32% 62%
Class SCC 1080p [ -29.96% -31.96% -31.86% 138% 105% 2.68% 0.96% 0.82% 35% 70%





image5.png
All Intra Main10
Over VIM-1.0 Over BMS-1.0
Y 8] \ EncT DecT Y ) \ EncT DecT
Class A1 -13.03% -32.38% -30.74% 1203% 203% -0.53% -1.35% -1.50% 136% 99%
Class A2 -11.62% -19.21% -15.63% 1228% 177% -0.87% -1.48% -1.17% 130% 100%
Class B -10.46% -17.18% -21.03% 1253% 190% -0.59% -1.84% -2.04% 124% 101%
Class C -11.27% -16.48% -19.85% 1297% 165% -0.25% -0.43% -0.27% 116% 94%
Class E -14.25% -18.17% -21.15% 1112% 189% -0.77% -1.55% -2.03% 128% 95%
Overall -11.89% -20.06% -21.51% 1225% 184% -0.58% -1.34% -1.41% 125% 98%
Class D -9.52% -13.47% -15.48% 1452% 168% -0.04% -0.38% -0.50% 117% 97%
Class F (optional) | -27.16% -32.26% -32.92% 1238% 161% -18.20% -18.16% -18.48% 128% 91%
Class SCC 1080p | -56.55% -58.04% -57.95% 1254% 115% -51.59% -51.51% -51.40% 118% 90%
Random Access Main 10
Over VIM-1.0 Over BMS-1.0
Y 8] \ EncT DecT Y ) \ EncT DecT
Class A1 -16.88% -31.01% -32.83% 418% 244% -0.14% -0.43% -0.30% 101% 100%
Class A2 -19.86% -22.57% -17.12% 362% 257% -0.38% -1.11% -0.73% 101% 100%
Class B -15.72% -23.83% -25.21% 414% 240% -0.23% -1.46% -1.53% 101% 97%
Class C -12.94% -17.18% -20.09% 439% 234% -0.05% -0.47% -0.94% 104% 101%
Class E
Overall -16.04% -23.24% -23.75% 410% 242% -0.19% -0.92% -0.97% 102% 99%
Class D -13.44% -15.63% -17.31% 448% 227% -0.01% -0.68% -0.52% 105% 99%
Class F (optional) | -24.38% -29.87% -29.98% 539% 190% -14.52% -14.72% -15.15% 111% 102%
Class SCC 1080p | -45.25% -47.15% -47.05% 463% 132% -37.31% -37.44% -37.66% 103% 95%
Low delay B Main10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y ) \ EncT DecT
Class A1
Class A2
Class B -10.84% -10.93% -11.11% 399% 198% -0.11% -0.51% 0.24% 105% 102%
Class C -9.32% -8.60% -9.78% 378% 182% -0.11% -0.04% -0.31% 106% 94%
Class E -11.64% -10.33% -12.70% 379% 183% -0.42% -1.05% -0.58% 105% 97%
Overall -10.53% -10.00% -11.06% 387% 189% -0.19% -0.49% -0.15% 105% 98%
Class D -10.80% -8.86% -9.61% 343% 181% -0.12% 0.31% -0.26% 111% 99%
Class F (optional) | -18.49% -21.07% -21.13% 429% 161% -8.55% -8.30% -8.72% 106% 97%
Class SCC 1080p [ -36.94% -38.83% -38.48% 403% 124% -27.95% -29.32% -29.40% 103% 92%
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All Intra Main10
Over VIM-1.0 Over BMS-1.0
Y 8] \ EncT DecT Y ) \ EncT DecT
Class A1 -13.03% -32.38% -30.74% 1203% 203% -0.53% -1.35% -1.50% 136% 99%
Class A2 -11.62% -19.21% -15.63% 1228% 177% -0.87% -1.48% -1.17% 130% 100%
Class B -10.46% -17.18% -21.03% 1253% 190% -0.59% -1.84% -2.04% 124% 101%
Class C -11.27% -16.48% -19.85% 1297% 165% -0.25% -0.43% -0.27% 116% 94%
Class E -14.25% -18.17% -21.15% 1112% 189% -0.77% -1.55% -2.03% 128% 95%
Overall -11.89% -20.06% -21.51% 1225% 184% -0.58% -1.34% -1.41% 125% 98%
Class D -9.52% -13.47% -15.48% 1452% 168% -0.04% -0.38% -0.50% 117% 97%
Class F (optional) | -27.16% -32.26% -32.92% 1238% 161% -18.20% -18.16% -18.48% 128% 91%
Class SCC 1080p | -56.55% -58.04% -57.95% 1253% 114% -51.59% -51.51% -51.40% 118% 90%
Random Access Main 10
Over VIM-1.0 Over BMS-1.0
Y 8] \ EncT DecT Y ) \ EncT DecT
Class A1 -16.88% -31.01% -32.83% 418% 244% -0.14% -0.43% -0.30% 101% 100%
Class A2 -19.86% -22.57% -17.12% 362% 257% -0.38% -1.11% -0.73% 101% 100%
Class B -15.72% -23.83% -25.21% 414% 240% -0.23% -1.46% -1.53% 101% 97%
Class C -12.94% -17.18% -20.09% 439% 234% -0.05% -0.47% -0.94% 104% 101%
Class E
Overall -16.04% -23.24% -23.75% 410% 242% -0.19% -0.92% -0.97% 102% 99%
Class D -13.44% -15.63% -17.31% 448% 227% -0.01% -0.68% -0.52% 105% 99%
Class F (optional) | -24.38% -29.87% -29.98% 539% 190% -14.52% -14.72% -15.15% 111% 102%
Class SCC 1080p | -44.88% -46.76% -46.64% 435% 157% -36.85% -37.00% -37.18% 102% 95%
Low delay B Main10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y ) \ EncT DecT
Class A1
Class A2
Class B -10.84% -10.93% -11.11% 399% 198% -0.11% -0.51% 0.24% 105% 102%
Class C -9.32% -8.60% -9.78% 378% 182% -0.11% -0.04% -0.31% 106% 94%
Class E -11.64% -10.33% -12.70% 379% 183% -0.42% -1.05% -0.58% 105% 97%
Overall -10.53% -10.00% -11.06% 387% 189% -0.19% -0.49% -0.15% 105% 98%
Class D -10.80% -8.86% -9.61% 343% 181% -0.12% 0.31% -0.26% 111% 99%
Class F (optional) | -18.49% -21.07% -21.13% 429% 161% -8.55% -8.30% -8.72% 106% 97%
Class SCC 1080p [ -36.90% -38.77% -38.45% 403% 137% -27.95% -29.32% -29.40% 104% 93%
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All Intra Main10

Random Access Main 10

Over VIM-1.0 Over VIM-1.0

Y ) \ EncT DecT Y ) \ EncT DecT

Class A1 -0.51% -1.04% -1.04% 149% 104% -0.27% -0.38% -0.40% 102% 107%

Class A2 -0.16% -0.71% -0.65% 142% 101% -0.31% -0.59% -0.51% 102% 107%

Class B -0.18% -1.14% -1.13% 141% 105% -0.14% -0.84% -0.89% 105% 113%

Class C -0.16% -0.35% -0.45% 134% 114% -0.16% -0.43% -0.50% 106% 108%
Class E -0.16% -0.77% -0.64% 148% 112%

Overall -0.22% -0.81% -0.80% 142% 107% -0.20% -0.59% -0.61% 104% 109%

Class D 0.23% 0.01% 0.13% 134% 106% 0.05% -0.01% -0.52% 107% 107%

Class F (optional) | -13.20% -13.42% -13.25% 156% 116% -10.69% -11.22% -10.90% 112% 110%

Class SCC 1080p [ -45.89% -46.35% -46.39% 195% 88% -33.29% -34.00% -34.13% 116% 117%
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All Intra Main10

Random Access Main 10

Over VIM-1.0 Over VIM-1.0

Y ) \ EncT DecT Y ) \ EncT DecT

Class A1 -0.71% -1.32% -1.32% 156% 100% -0.30% -0.59% -0.57% 103% 101%

Class A2 -0.41% -0.99% -0.87% 149% 97% -0.37% -0.96% -0.86% 104% 102%

Class B -0.57% -1.62% -1.76% 148% 102% -0.30% -1.36% -1.39% 105% 105%

Class C -0.65% -0.99% -1.38% 140% 103% -0.32% -0.87% -1.14% 109% 105%
Class E -0.94% -1.60% -1.90% 152% 104%

Overall -0.65% -1.32% -1.48% 148% 102% -0.32% -1.00% -1.05% 105% 103%

Class D -0.08% -0.27% -0.45% 140% 103% -0.04% -0.59% -0.70% 110% 104%

Class F (optional) | -17.28% -17.89% -17.79% 166% 101% -13.59% -14.50% -14.30% 116% 105%

Class SCC 1080p | -50.17% -50.68% -50.63% 197% 82% -36.32% -37.30% -37.43% 117% 108%
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All Intra Main10

Random Access Main 10

Over VIM-1.0 Over VIM-1.0

Y ) \ EncT DecT Y U \ EncT DecT

Class A1 -0.92% -1.57% -1.65% 180% 99% -0.34% -0.72% -0.74% 108% 100%

Class A2 -1.46% -2.75% -2.31% 171% 98% -0.73% -2.00% -1.42% 109% 100%

Class B -1.16% -2.57% 2.711% 173% 100% -0.52% -2.03% -2.08% 114% 103%

Class C -1.12% -1.58% -2.02% 164% 103% -0.37% -1.27% -1.49% 120% 104%
Class E -1.75% -2.51% -3.12% 175% 104%

Overall -1.26% -2.20% -2.38% 172% 101% -0.49% -1.56% -1.52% 113% 102%

Class D -0.51% -0.93% -0.99% 164% 104% -0.15% -0.97% -1.00% 124% 104%

Class F (optional) | -20.65% -21.56% -21.54% 203% 99% -15.98% -17.32% -17.22% 132% 105%

Class SCC 1080p | -53.88% -54.40% -54.27% 220% 78% -39.14% -40.40% -40.53% 131% 105%
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All Intra Main10

Over VIM-1.0 Over BMS-1.0

Y ) \ EncT DecT Y 5] \ EncT DecT

Class A1 -1.02% -1.77% -1.75% 218% 100% 13.23% 45.38% 40.71% 25% 49%
Class A2 -1.84% -3.45% -2.87% 208% 99% 10.11% 18.95% 14.36% 22% 56%
Class B -1.44% -2.95% -3.16% 213% 106% 9.46% 15.46% 20.45% 21% 56%
Class C -1.36% -2.04% -2.43% 194% 105% 11.01% 17.21% 22.02% 17% 60%
Class E -2.26% -3.13% -3.86% 206% 109% 13.11% 16.75% 19.43% 24% 55%
Overall -1.56% -2.66% -2.83% 207% 104% 11.15% 21.63% 22.99% 21% 55%
Class D -0.64% -1.10% -1.22% 189% 102% 9.82% 14.30% 16.60% 15% 59%
Class F (optional) | -21.91% -22.91% -23.00% 255% 101% -12.15% -5.91% -5.48% 26% 57%
Class SCC 1080p [ -55.70% -56.25% -56.08% 264% 79% -32.91% -31.06% -30.37% 25% 57%
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All Intra Main10

Over VIM-1.0 Over BMS-1.0

Y ) \ EncT DecT Y 5] \ EncT DecT

Class A1 -1.08% -1.91% -1.88% 270% 103% 13.16% 45.13% 40.50% 30% 50%
Class A2 -2.18% -4.15% -3.36% 254% 101% 9.74% 18.09% 13.78% 27% 57%
Class B -1.63% -3.20% -3.46% 262% 109% 9.27% 15.16% 20.10% 26% 58%
Class C -1.46% -2.06% -2.59% 238% 115% 10.89% 17.18% 21.84% 21% 66%
Class E -2.45% -3.36% -4.15% 251% 115% 12.90% 16.51% 19.14% 29% 57%
Overall -1.73% -2.92% -3.10% 254% 109% 10.96% 21.32% 22.67% 26% 58%
Class D -0.71% -1.06% -1.42% 233% 113% 9.75% 14.36% 16.41% 19% 65%
Class F (optional) | -22.58% -23.73% -23.79% 328% 109% -12.88% -6.84% -6.41% 34% 62%
Class SCC 1080p [ -56.87% -57.43% -57.27% 312% 80% -34.59% -32.88% -32.16% 29% 60%
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All Intra Main10

Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y 5] \ EncT DecT
Class A1 -0.92% -1.57% -1.65% 180% 101% 13.35% 45.71% 40.85% 20% 49%
Class A2 -1.46% -2.75% -2.31% 171% 98% 10.52% 19.83% 15.01% 18% 55%
Class B -1.16% -2.57% -2.71% 173% 106% 9.77% 15.88% 20.95% 17% 56%
Class C -1.12% -1.58% -2.02% 164% 107% 11.28% 17.71% 22.51% 15% 61%
Class E -1.75% -2.51% -3.12% 175% 112% 13.69% 17.46% 20.36% 20% 56%
Overall -1.26% -2.20% -2.38% 172% 105% 11.48% 22.18% 23.53% 18% 56%
Class D -0.51% -0.93% -0.99% 164% 113% 9.96% 14.46% 16.86% 13% 65%
Class F (optional) | -20.65% -21.56% -21.54% 203% 104% -10.76% -4.40% -3.81% 21% 59%
Class SCC 1080p | -53.88% -54.40% -54.27% 220% 81% -48.62% -47.19% -47.12% 21% 58%
Random Access Main 10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y 5] \ EncT DecT
Class A1 -0.34% -0.72% -0.74% 108% 103% 19.74% 45.76% 48.43% 26% 42%
Class A2 -0.73% -2.00% -1.42% 109% 103% 23.50% 26.32% 18.49% 30% 40%
Class B -0.52% -2.03% -2.08% 114% 107% 17.89% 26.95% 29.30% 28% 43%
Class C -0.37% -1.27% -1.49% 120% 110% 14.41% 18.79% 22.26% 28% 48%
Class E
Overall -0.49% -1.56% -1.52% 113% 106% 18.46% 28.41% 29.09% 28% 43%
Class D -0.15% -0.97% -1.00% 124% 111% 15.67% 16.76% 19.09% 29% 48%
Class F (optional) | -15.98% -17.32% -17.22% 132% 111% -4.94% 1.28% 0.76% 27% 60%
Class SCC 1080p | -39.56% -40.88% -41.02% 131% 92% -30.74% -29.92% -30.55% 29% 67%
Low delay B Main10
Over VIM-1.0 Over BMS-1.0
Y ) \ EncT DecT Y ) \ EncT DecT
Class A1
Class A2
Class B -0.15% -0.27% -0.26% 119% 100% 11.94% 11.51% 12.56% 31% 51%
Class C -0.12% -0.16% -0.33% 127% 107% 10.05% 9.35% 10.33% 36% 55%
Class E -0.10% -0.85% -0.44% 123% 109% 12.63% 9.54% 13.29% 34% 58%
Overall -0.13% -0.38% -0.33% 123% 104% 11.48% 10.30% 12.00% 33% 54%
Class D -0.13% 0.15% -0.50% 132% 111% 12.32% 10.45% 10.25% 43% 61%
Class F (optional) -9.81% -10.92% -10.61% 130% 107% 1.30% 3.91% 3.77% 32% 65%
Class SCC 1080p [ -30.01% -32.04% -31.90% 137% 97% -19.99% -21.46% -21.88% 35% 72%





