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Abstract
This contribution introduces an extended Rice parameter based on lossless coding flag (i.e., cu_transquant_bypass_flag). The proposed method is tested with the lossless residual coding in JVET-P0466, where transform skip residual coding methods in CE7-1.2d and CE7-1.2d-alternative are used for intra and IBC modes of lossless coding. Specifically, the proposed method extends maximum Rice parameter without additional look-up table or signaling.
Overall
· Test #1: -1.11% (AI), -0.29% (RA)
· Test #2: -1.63% (AI), x.xx% (RA)
· Test #3: -1.24% (AI), -0.31% (RA)
· Test #4: -1.77% (AI), -0.39% (RA)
Proposed Method
[bookmark: _GoBack]In CE7-1.2d and CE7-1.2d with an alternative method of Rice-Golomb coding after bypass switch [1], following table of 32 entries are used for Rice parameter derivation:
auiGoRicePars[32] = {0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3}
There are three types of absolute level values and the way to derive the Rice parameter is as follows:
· remainder after abs_level_gtX_flags
· auiGoRicePars[Clip3(0, 31, sum - 8)]
· abs(level) – 1
· auiGoRicePars[Clip3(0, 31, sum + 4)]
· abs(level)
· auiGoRicePars[Clip3(0, 31, sum)]
Here, sum is the sum of absolute levels of two neighboring coefficients.
Although [1] includes various Rice parameter derivation, the maximum Rice parameter of all methods is bounded by 3. In order to more efficiently deal with larger coefficients which frequently occur lossless coding, the maximum Rice parameter needs to be increased. In the proposed method, Rice parameter derivation methods for abs(level) – 1 and abs(level) are modified as follows. Using this method, the Rice parameter range is extended in lossless coding and maximum Rice parameter is changed from 3 to 5.
· abs(level) – 1
· (sum + 4) > 31? auiGoRicePars[Clip3(0, 31, sum + 4)] + (2 * cu_transquant_bypass_flag) : auiGoRicePars[Clip3(0, 31, sum + 4)]
· abs(level)
· sum > 31? auiGoRicePars[Clip3(0, 31, sum)] + (2 * cu_transquant_bypass_flag) : auiGoRicePars[Clip3(0, 31, sum)]

In addition, we tested the following methods. Here, the Rice parameter range is extended in lossless coding and maximum Rice parameter is changed from 3 to 4.
· abs(level) – 1
· (sum + 4) > 31? auiGoRicePars[Clip3(0, 31, sum + 4)] + cu_transquant_bypass_flag : auiGoRicePars[Clip3(0, 31, sum + 4)]
· abs(level)
· sum > 31? auiGoRicePars[Clip3(0, 31, sum)] + cu_transquant_bypass_flag : auiGoRicePars[Clip3(0, 31, sum)]

Experimental results
The performance of the proposed method was compared with the initial lossless software of AHG18. The proposed method was implemented on top of CE7-1.2d and CE7-1.2d-alternative [1]. Following tables show performance of the proposed method.
Test #1: CE7-1.2d + Rice parameter extension to 5
Test #2: CE7-1.2d-alternative + Rice parameter extension to 5
Test #3: CE7-1.2d + Rice parameter extension to 4
Test #4: CE7-1.2d-alternative + Rice parameter extension to 4

Table I. Test result (Test #1)
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Table II. Test result (Test #2)
[image: ]

Table III. Test result (Test #3)
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Table IV. Test result (Test #4)
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