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1 Introduction

This contribution presents the test results generated by Qualcomm for evaluation of H.265/HEVC for MTSI and MMS. The tests were conducted as per the test conditions specified in TR 26.906 v0.2.0 in S4-131082.

The average BD-rate decrease for H.265/HEVC when compared to H.264/AVC was around 35% for MMS. For MTSI, the average BD-rate decrease of H.265/HEVC was 40 − 45% and 30 − 35%, when compared to H.264/AVC Constrained Baseline profile and H.264/AVC High profile, respectively. The results are summarized below:
· The BD-rate decrease for H.265/HEVC under MMS test conditions is roughly 35%, and is consistent across various RAP periods and GOP structures (open and closed GOP).

· The performance gap of H.265/HEVC compared to H.264/AVC under MMS conditions increases with decreasing bit rates. At low and medium bit rates, the performance gap of H.265/HEVC compared to H.264/AVC under MMS conditions increases with increasing resolution.
· The BD-rate decrease for H.265/HEVC under MTSI test conditions is higher when compared to H.264/AVC Constrained Baseline profile than H.264/AVC High Profile.

· Enabling the temporal prediction and QP cascading for HEVC and AVC results in higher improvement in the BD-rate performance of H.265/HEVC when compared to H.264/AVC. The BD-rate improvement (of HEVC compared to AVC Constrained Baseline Profile) was around 40% when no temporal prediction was used, and around 50% when 3 temporal layers were used.
The results presented show substantial improvement by H.265/HEVC when compared to H.264/AVC for various test conditions in MTSI as well as MMS.
It is proposed to include the results reported in this document into the next version of TR 26.906.

2 Results
The results reported here are based on the conditions specified in TR 26.906 v0.2.0 in S4-131082.

The PSNR and the BD-rate values obtained for various test cases are presented in the attached excel file. Four sets of overlapping QP value ranges, as described below in Table 1, were used to compute the BD-rate values.
Table 1: QP values used for computing BD-rate values for different rate conditions

	Bit rate 
	QP values used for BD-rate computation

	High bit rate
	19, 22, 25, 28

	Medium bit rate
	28, 31, 34, 37

	Low bit rate
	37, 40, 43, 46

	Overall
	19, 28, 37, 36


2.1 Results for MMS
The summarized BD-rate results are presented in Tables 2 – 5. The results for various prediction structures and RAP periods are presented in separate tables. Figures 1 – 4 show the plots of PSNR versus bit rate for a typical sequence (BasketballDrive) under closed GOP structure with 2 sec RAP period for various picture resolutions (240p, 480p, 720p and 1080p).
The attached Excel file provides detailed results and means to plot the PSNR-versus-rate curves for all the test conditions and sequences.

Table 2: BD-rate of H.265/HEVC compared to H.264/AVC for open GOP structure with 1 sec RAP period

	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-31.7%
	-43.8%
	-45.3%
	-42.0%
	-44.1%
	-42.8%
	-53.4%
	-67.5%
	-70.1%
	-43.1%
	-49.5%
	-49.5%

	720p
	-32.0%
	-39.1%
	-37.8%
	-36.8%
	-39.3%
	-37.1%
	-47.6%
	-62.4%
	-66.4%
	-38.4%
	-43.9%
	-43.1%

	480p
	-29.5%
	-37.0%
	-36.2%
	-33.5%
	-38.6%
	-36.8%
	-42.1%
	-58.9%
	-62.2%
	-34.6%
	-42.1%
	-41.7%

	240p
	-27.4%
	-36.3%
	-34.5%
	-28.8%
	-32.5%
	-29.7%
	-32.6%
	-46.9%
	-50.0%
	-29.5%
	-36.8%
	-35.1%

	Overall
	-30.1%
	-37.6%
	-37.0%
	-34.2%
	-37.6%
	-35.9%
	-41.3%
	-57.8%
	-61.4%
	-35.1%
	-41.9%
	-41.3%


Table 3: BD-rate of H.265/HEVC compared to H.264/AVC for open GOP structure with 2 sec RAP period

	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-33.0%
	-46.1%
	-48.6%
	-44.1%
	-48.7%
	-48.3%
	-56.4%
	-68.7%
	-71.5%
	-45.1%
	-52.6%
	-52.9%

	720p
	-33.9%
	-42.1%
	-41.5%
	-39.3%
	-44.2%
	-42.4%
	-50.4%
	-64.4%
	-67.8%
	-40.7%
	-47.4%
	-46.6%

	480p
	-31.3%
	-40.2%
	-39.6%
	-35.9%
	-43.6%
	-41.8%
	-44.7%
	-60.3%
	-62.7%
	-36.8%
	-45.6%
	-44.9%

	240p
	-29.2%
	-39.7%
	-37.6%
	-31.1%
	-37.1%
	-33.9%
	-34.7%
	-48.0%
	-51.6%
	-31.6%
	-40.2%
	-38.8%

	Overall
	-31.8%
	-40.5%
	-40.3%
	-36.4%
	-42.1%
	-40.3%
	-43.8%
	-58.9%
	-62.4%
	-37.2%
	-45.1%
	-44.6%


Table 4: BD-rate of H.265/HEVC compared to H.264/AVC for closed GOP structure with 1 sec RAP period

	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-30.6%
	-41.5%
	-42.6%
	-40.7%
	-41.3%
	-40.0%
	-52.7%
	-66.6%
	-69.6%
	-42.0%
	-47.5%
	-47.6%

	720p
	-30.8%
	-36.9%
	-35.5%
	-35.4%
	-36.4%
	-34.0%
	-46.8%
	-61.5%
	-65.7%
	-37.2%
	-41.9%
	-41.1%

	480p
	-28.6%
	-35.2%
	-34.3%
	-32.3%
	-36.0%
	-34.2%
	-41.2%
	-57.7%
	-61.3%
	-33.6%
	-40.3%
	-39.9%

	240p
	-26.4%
	-34.5%
	-32.7%
	-27.6%
	-29.7%
	-26.9%
	-31.7%
	-45.1%
	-48.7%
	-28.4%
	-34.8%
	-33.2%

	Overall
	-29.1%
	-35.6%
	-35.0%
	-33.0%
	-35.0%
	-33.2%
	-40.5%
	-56.6%
	-60.6%
	-34.0%
	-40.1%
	-39.5%


Table 5: BD-rate of H.265/HEVC compared to H.264/AVC for closed GOP structure with 2 sec RAP period

	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-32.5%
	-45.1%
	-47.4%
	-43.5%
	-47.4%
	-46.9%
	-56.0%
	-68.3%
	-71.1%
	-44.6%
	-51.7%
	-52.0%

	720p
	-33.4%
	-41.1%
	-40.4%
	-38.6%
	-42.7%
	-40.8%
	-49.9%
	-63.8%
	-67.5%
	-40.1%
	-46.4%
	-45.6%

	480p
	-30.8%
	-39.4%
	-38.7%
	-35.3%
	-42.4%
	-40.5%
	-44.2%
	-59.9%
	-62.4%
	-36.3%
	-44.7%
	-44.0%

	240p
	-28.7%
	-38.9%
	-36.7%
	-30.5%
	-35.8%
	-32.4%
	-34.3%
	-47.1%
	-50.9%
	-31.1%
	-39.2%
	-37.8%

	Overall
	-31.3%
	-39.6%
	-39.4%
	-35.8%
	-40.8%
	-39.0%
	-43.4%
	-58.4%
	-62.0%
	-36.6%
	-44.2%
	-43.7%
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Figure 1: BasketballDrive 240p sequence under closed GOP structure and 2 sec RAP period for MMS test conditions
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Figure 2: BasketballDrive 480p sequence under closed GOP structure and 2 sec RAP period for MMS test conditions
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Figure 3: BasketballDrive 720p sequence under closed GOP structure and 2 sec RAP period for MMS test conditions
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Figure 4: BasketballDrive 1080p sequence under closed GOP structure and 2 sec RAP period for MMS test conditions
2.2 Results for MTSI
The results comparing H.265/HEVC and H.264/AVC are provided for both the Constrained Baseline and the High profile of H.264/AVC. The two prediction structures that were tested are described in Table 6.

Table 6: Description of prediction structures used for MTSI test conditions
	Test case
	Prediction structure

	MTSI_1
	Temporal scalability is not supported The previous two pictures in decoding order are always used for prediction.

	MTSI_2
	To test conditions with packet losses. Temporal scalability with 3 temporal sub-layers is supported. Each picture picA occurring at (or immediately after) the end of one second intervals (the first interval begins from the first picture, which is an IDR picture), uses the picture that precedes the output time of picA by roughly 300 ms and that belongs to the same or a lower temporal sub-layer as the reference picture for prediction. For all other pictures, the two pictures preceding in decoding order that belong to the same or a lower temporal sub-layer are used for prediction.


H.265/HEVC Main profile vs. H.264/AVC Constrained Baseline profile

Tables 7 and 8 provide a summary of the BD-rate results for comparison of H.265/HEVC Main Profile and H.264/AVC Constrained Baseline Profile for the two MTSI test cases. Figures 5 – 8 show the plots of PSNR versus bit rate for a typical sequence (BasketballDrive) under MTSI_1 prediction structure for various picture resolutions (240p, 480p, 720p and 1080p).
Table 7: BD-rate of H.265/HEVC compared to H.264/AVC (Constrained Baseline Profile) for prediction structure MTSI_1
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-36.7%
	-35.5%
	-39.5%
	-50.1%
	-47.9%
	-51.5%
	-60.9%
	-70.5%
	-74.9%
	-50.1%
	-47.3%
	-51.9%

	720p
	-37.4%
	-34.9%
	-36.7%
	-46.9%
	-46.3%
	-49.0%
	-54.3%
	-66.4%
	-71.4%
	-46.9%
	-47.1%
	-48.9%

	480p
	-32.9%
	-32.4%
	-33.7%
	-39.5%
	-41.8%
	-43.6%
	-48.6%
	-60.4%
	-62.8%
	-40.1%
	-41.1%
	-42.4%

	240p
	-27.4%
	-27.7%
	-28.4%
	-33.4%
	-35.6%
	-38.7%
	-41.7%
	-51.5%
	-53.1%
	-33.6%
	-34.5%
	-35.3%

	Overall
	-33.1%
	-32.2%
	-33.8%
	-41.3%
	-42.1%
	-44.9%
	-50.0%
	-61.0%
	-64.2%
	-41.6%
	-41.7%
	-43.6%


Table 8: BD-rate of H.265/HEVC compared to H.264/AVC (Constrained Baseline Profile) for prediction structure MTSI_2
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-40.9%
	-48.1%
	-54.4%
	-57.6%
	-62.7%
	-64.6%
	-68.2%
	-78.0%
	-80.6%
	-57.2%
	-62.1%
	-64.8%

	720p
	-44.8%
	-50.1%
	-52.2%
	-55.8%
	-61.3%
	-62.7%
	-63.6%
	-75.7%
	-78.7%
	-55.5%
	-61.1%
	-62.5%

	480p
	-39.1%
	-45.0%
	-46.3%
	-48.3%
	-57.4%
	-57.8%
	-57.8%
	-69.4%
	-71.6%
	-48.5%
	-55.7%
	-56.3%

	240p
	-33.8%
	-42.6%
	-42.6%
	-43.7%
	-55.0%
	-54.0%
	-51.7%
	-62.2%
	-64.2%
	-42.7%
	-51.4%
	-51.8%

	Overall
	-39.3%
	-46.1%
	-48.0%
	-50.4%
	-58.6%
	-59.1%
	-59.2%
	-70.3%
	-72.7%
	-50.1%
	-56.9%
	-57.9%
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Figure 5: BasketballDrive 240p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC Constrained Baseline Profile
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Figure 6: BasketballDrive 480p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC Constrained Baseline Profile
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Figure 7: BasketballDrive 720p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC Constrained Baseline Profile
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Figure 8: BasketballDrive 1080p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC Constrained Baseline Profile
H.265/HEVC Main profile vs. H.264/AVC High profile

Tables 9 and 10 provide a summary of the BD-rate results for comparison of H.265/HEVC Main Profile and H.264/AVC High Profile for the two MTSI test cases. Figures 9 – 12 show the plots of PSNR versus bit rate for a typical sequence (BasketballDrive) under MTSI_1 prediction structure for various picture resolutions (240p, 480p, 720p and 1080p).
Table 9: BD-rate of H.265/HEVC compared to H.264/AVC (High Profile) for prediction structure MTSI_1
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-25.9%
	-30.9%
	-35.3%
	-39.3%
	-41.6%
	-45.4%
	-49.3%
	-66.9%
	-71.3%
	-38.7%
	-41.6%
	-46.1%

	720p
	-27.4%
	-29.0%
	-31.1%
	-36.8%
	-39.8%
	-43.0%
	-42.9%
	-62.7%
	-67.9%
	-36.5%
	-41.2%
	-43.0%

	480p
	-24.0%
	-26.6%
	-28.0%
	-29.8%
	-36.2%
	-38.4%
	-38.0%
	-57.4%
	-59.2%
	-30.6%
	-35.8%
	-37.0%

	240p
	-19.3%
	-22.6%
	-23.3%
	-24.0%
	-30.3%
	-33.5%
	-31.2%
	-47.4%
	-48.7%
	-24.6%
	-29.4%
	-30.5%

	Overall
	-23.8%
	-26.8%
	-28.6%
	-31.4%
	-36.3%
	-39.3%
	-39.1%
	-57.4%
	-60.3%
	-31.7%
	-36.2%
	-38.1%


Table 10: BD-rate of H.265/HEVC compared to H.264/AVC (High Profile) for prediction structure MTSI_2
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	1080p
	-30.2%
	-42.7%
	-49.7%
	-46.0%
	-56.8%
	-58.6%
	-56.1%
	-73.3%
	-76.5%
	-45.4%
	-56.0%
	-59.0%

	720p
	-35.5%
	-44.4%
	-47.0%
	-46.0%
	-55.4%
	-57.1%
	-52.5%
	-72.2%
	-75.2%
	-45.5%
	-55.6%
	-57.1%

	480p
	-31.1%
	-39.8%
	-41.1%
	-39.4%
	-52.4%
	-52.6%
	-47.1%
	-65.7%
	-68.1%
	-39.4%
	-50.7%
	-51.2%

	240p
	-27.3%
	-38.8%
	-38.7%
	-36.3%
	-50.8%
	-49.6%
	-41.6%
	-58.7%
	-60.7%
	-35.0%
	-47.5%
	-47.5%

	Overall
	-31.0%
	-41.2%
	-43.3%
	-41.3%
	-53.4%
	-53.9%
	-48.4%
	-66.6%
	-69.1%
	-40.7%
	-51.9%
	-52.9%
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Figure 9: BasketballDrive 240p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC High Profile
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Figure 10: BasketballDrive 480p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC High Profile
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Figure 11: BasketballDrive 720p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC High Profile
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Figure 12: BasketballDrive 1080p sequence under MTSI test conditions and MTSI_1 prediction structure and AVC High Profile
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