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Introduction
This contribution presents a set of test results generated by Qualcomm for evaluation of the H.265/HEVC for 3GP-DASH.
The tests were run as per the test conditions specified in S4-130165. The average decrease in BD-rate of H.265/HEVC when compared to H.264/AVC is 30 – 40%. The results (including PSNR numbers) show that H.265/HEVC performs consistently better than H.264/AVC. The results are summarized as below:
· The average decrease in BD-rate values for H.265/HEVC when compared to H.264/AVC is 30 ‑ 40% for different prediction (open and closed GOP) structures.
· The results are consistent across different RAP periods (1 sec and 2 sec).

· The performance gap is bigger for higher resolutions than lower spatial resolutions.

· Within each spatial resolution, the performance gap is bigger for lower bit rates than higher bit rates. For example, the gap at 1080p resolution was around 35% for higher bit rate range and 50% to 55% for lower bit rate range.

The results presented in this contribution indicate that H.265/HEVC performs consistently and significantly better than H.264/AVC across different prediction structures, different RAP pictures, different bit rates, and different picture resolutions. The conclusion is aligned with Nokia's report in S4-130388.

We propose to consider the results reported herein and in S4-130388 by Nokia as final results for evaluation of the H.265/HEVC for 3GP-DASH, and based on these results, to decide the inclusion of HEVC in 3GP-DASH and 3GPP file format, and encourage submission of CRs for the inclusion at the next SA4 meeting.

Results
The results reported here are based on the test conditions specified in S4-130165.
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. 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.
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


Figures 1 – 4 show the plots of PSNR versus bit rate for a typical sequence (BasketballDrive) under open 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
	-34.1%
	-36.0%
	-34.5%
	-42.2%
	-31.8%
	-30.3%
	-53.9%
	-59.6%
	-61.2%
	-43.6%
	-39.9%
	-38.9%

	720p
	-29.3%
	-27.0%
	-26.1%
	-34.9%
	-26.4%
	-25.6%
	-47.4%
	-54.6%
	-56.4%
	-36.7%
	-32.8%
	-32.2%

	480p
	-27.4%
	-28.3%
	-26.9%
	-31.1%
	-26.4%
	-24.1%
	-41.2%
	-51.6%
	-53.3%
	-32.7%
	-31.7%
	-31.2%

	240p
	-24.0%
	-25.6%
	-24.6%
	-27.2%
	-19.3%
	-16.3%
	-32.2%
	-35.0%
	-42.4%
	-27.6%
	-23.8%
	-24.0%

	Overall
	-28.3%
	-29.2%
	-27.8%
	-32.7%
	-25.2%
	-22.8%
	-41.8%
	-48.0%
	-51.6%
	-34.0%
	-31.0%
	-30.5%


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
	-35.0%
	-38.6%
	-38.5%
	-43.6%
	-34.8%
	-33.4%
	-56.3%
	-60.8%
	-63.3%
	-45.0%
	-42.3%
	-41.6%

	720p
	-30.4%
	-29.4%
	-28.7%
	-35.7%
	-27.7%
	-26.7%
	-48.8%
	-55.3%
	-57.6%
	-37.7%
	-34.5%
	-34.0%

	480p
	-28.9%
	-32.0%
	-30.6%
	-32.7%
	-29.5%
	-26.4%
	-42.9%
	-51.9%
	-54.4%
	-34.3%
	-34.5%
	-33.6%

	240p
	-25.6%
	-29.4%
	-27.6%
	-28.8%
	-20.6%
	-17.7%
	-34.2%
	-36.1%
	-42.5%
	-29.2%
	-26.2%
	-25.8%

	Overall
	-29.7%
	-32.7%
	-31.3%
	-34.3%
	-27.5%
	-24.9%
	-43.8%
	-49.0%
	-52.7%
	-35.6%
	-33.6%
	-32.8%


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
	-33.1%
	-33.2%
	-31.2%
	-41.0%
	-28.8%
	-27.5%
	-53.2%
	-58.7%
	-60.5%
	-42.6%
	-37.8%
	-36.8%

	720p
	-28.1%
	-24.4%
	-23.6%
	-33.6%
	-23.0%
	-22.5%
	-46.8%
	-53.4%
	-55.9%
	-35.7%
	-30.5%
	-30.3%

	480p
	-26.6%
	-26.3%
	-24.9%
	-30.0%
	-23.6%
	-21.4%
	-40.4%
	-50.3%
	-52.2%
	-31.8%
	-29.7%
	-29.4%

	240p
	-23.1%
	-23.4%
	-22.4%
	-26.0%
	-16.4%
	-13.2%
	-31.5%
	-33.3%
	-41.5%
	-26.6%
	-21.4%
	-21.7%

	Overall
	-27.4%
	-26.9%
	-25.4%
	-31.6%
	-22.2%
	-19.9%
	-41.1%
	-46.7%
	-50.7%
	-33.0%
	-28.8%
	-28.5%


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
	-34.5%
	-37.4%
	-37.0%
	-43.0%
	-33.2%
	-31.8%
	-56.0%
	-60.4%
	-63.0%
	-44.6%
	-41.2%
	-40.6%

	720p
	-29.9%
	-28.3%
	-27.5%
	-35.1%
	-26.0%
	-25.2%
	-48.4%
	-54.7%
	-57.3%
	-37.2%
	-33.3%
	-32.9%

	480p
	-28.5%
	-31.1%
	-29.6%
	-32.2%
	-28.1%
	-25.0%
	-42.6%
	-51.4%
	-53.9%
	-33.8%
	-33.6%
	-32.7%

	240p
	-25.1%
	-28.4%
	-26.5%
	-28.3%
	-19.0%
	-16.1%
	-33.8%
	-35.4%
	-41.9%
	-28.8%
	-24.9%
	-24.6%

	Overall
	-29.3%
	-31.6%
	-30.2%
	-33.8%
	-26.0%
	-23.4%
	-43.5%
	-48.4%
	-52.2%
	-35.1%
	-32.5%
	-31.8%
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Figure 1: BasketballDrive 240p sequence under open GOP structure and 2 sec RAP period
 [image: image2.png]Y PSNR vs Bitrate

AVC JM18.4

—a—HEVC 100

bitrate (kbps)

5000 6000





Figure 2: BasketballDrive 480p sequence under open GOP structure and 2 sec RAP period
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Figure 3: BasketballDrive 720p sequence under open GOP structure and 2 sec RAP period
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Figure 4: BasketballDrive 1080p sequence under open GOP structure and 2 sec RAP period
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� Contacts: � HYPERLINK "mailto:aramasub@qti.qualcomm.com" ��Adarsh K. Ramasubramonian� and � HYPERLINK "mailto:yekuiw@qti.qualcomm.com" ��Ye-Kui Wang�
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