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Abstruct
The contribution studys on Haar scalability on top of TMC13v11.
Introduction
The current TMC13 supports spatial scalability for lifting attributes only. However, spatial scalability can be achieved by using the Haar kernel in Raht. The coding efficiency comparison is conducted on scalability aspect. The lossless Haar PredOn/Off and fastHaar are compared with the lossless lifting scalability. The partial decoding of fastHaar is also reported.
Experimental setting
Lossless Haar
The implementation of TMC13v10 lossless Haar proposal[3] was applied to v11 Raht.
It supports either prediction On and Off.
Lossless fastHaar 
The implementation of TMC13v6 lossless Haar proposal[2] was applied to v11 fastRaht.
It does not support prediction On.
Lossless lifting scalability
TMC13 v11.0 is executed with the following setting.
--aps_scalable_enable_flag = 1
--qtbtEnabled = 0
--lodDecimation = 0
--lastComponentPredictionEnabled=0

Experimental Result
Table1 shows CW of Haar PredOn. Cat2-B is 3% better with Haar PredOn against lifting scalability. Runtime increases by 30%.
Table 2 shows CW of Haar PredOff.  Cat1-A is 5% worse against lifting scalability. Cat2-B, Cat3-fused is 1% better against lifting scalability.

Table 3 shows CW of fastHaar. BDBR performance is similar to Haar PredOff. But the runtime is reduced by 30%.

Table 1 Haar PredON vs lifting scalability
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[bookmark: _Ref52978434]Table 2 Haar PredOff vs lifting scalability
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[bookmark: _Ref52978535]Table 3 fastHaar vs lifting scalability
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Figure 1 shows the rendering of a decoded Haar bitstream with different skipOctreeLayers.
This result shows that the partial Lod decoding result is colored.

[bookmark: _Ref52979079]Figure 1  decoded poing cloud of fastHaar with skipOctreeLayers: (left-top: no skipped right-top: 2 layers, left-bottom: 4 layers, right-bottom: 6 laysers)
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Discussion
[bookmark: _GoBack]The performance difference is not large in average, the haar raht scalability shows a significant reduction in execution time. FastHaar is beneficial for Cat1-A, Cat1-B, and Cat3-fused on scalablilty aspect.

Conclusion
We propose to adopt the lossless fastHaar to Cat1-A ,Cat1-B, and Cat3-fused for scalability aspect.
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Tested:

Geometry Colour Reflectance Total

Cat1-A average 100.0% 99.8% 99.8%

Cat1-B average 100.0% 96.7% 98.8%

Cat3-fused average 100.0% 100.5% 97.7% 99.9%

Cat3-frame average 100.0% 96.2% 99.2%

Overall average 100.0% 98.2% 96.8% 99.2%

Avg. Enc Time [%]

Avg. Dec Time [%]

121%

133%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

tmc13v11.0-rc1_octree_predlift scalable lifting enabled

haar RAHT pred ON
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Reference:

Tested:

Geometry Colour Reflectance Total

Cat1-A average 100.0% 104.9% 103.4%

Cat1-B average 100.0% 98.5% 99.5%

Cat3-fused average 100.0% 98.2% 97.4% 99.0%

Cat3-frame average 100.0% 96.1% 99.2%

Overall average 100.0% 101.0% 96.6% 100.3%

Avg. Enc Time [%]

Avg. Dec Time [%]

96%

96%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

tmc13v11.0-rc1_octree_predlift scalable lifting enabled

haar RAHT pred OFF
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Reference:

Tested:

Geometry Colour Reflectance Total

Cat1-A average 100.0% 105.4% 103.7%

Cat1-B average 100.0% 98.8% 99.6%

Cat3-fused average 100.0% 98.8% 97.8% 99.3%

Cat3-frame average 100.0% 96.5% 99.3%

Overall average 100.0% 101.3% 97.0% 100.4%

Avg. Enc Time [%]

Avg. Dec Time [%]

tmc13v11.0-rc1_octree_predlift scalable lifting enabled

fastHaar RAHT

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

69%

61%
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