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Introduction
This contribution presents a set of results by HUAWEI for evaluation of the H.265/HEVC for 3GP-MTSI. Experimental results show that the average decrease in BD-rate of H.265/HEVC when compared to H.264/AVC is about 30-50% for Low delay configuration. H.265/HEVC performs consistently better than H.264/AVC. The results are summarized as below:
· With different complexity levels (reference frame number, search range, Low Delay P and Low Delay B), the average decrease in BD-rate values for H.265/HEVC when compared to H.264/AVC is consistently about 30-50%.
· The performance gap is bigger for higher resolutions than lower spatial resolutions.
· For the same resolution, the performance gap is bigger for lower bit rates than higher bit rates. 
· Especially under the setting of low bit rate, Low Delay P, 1 reference frame and search range of 32 which is a typical configuration for MTSI, the gain is about 43~64%.
· HM encoder with the lowest complex configuration needs about 1/3 times of HM encoder with default Main Profile Low Delay B setting.

Test condition
General  test setting

The generic testing parameters in Table1 except for the random access point (RAP) period setting in Section 6.2.1 of S4-130861 (TR26.9xx-HEVC-v0.1.0) and codec software of HM version 10 and JM version 18.4 are used
Test sequences

The video sequences class B/C/D/E in JCTVC-L1100  are used here as test sequences. 
QP setting

QP points used for evaluation are shown in the table 1.
Table 1: QP 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, 46


 Encoding settings

6 configurations with different complexity levels are used for evaluation as following:
Case 1: Low Delay Main (HM 10.0 Low Delay Main default configuration)
· Profile


HEVC Main profile and AVC High profile are used. 
· GOP structures


The IBBB coding structure, wherein the first picture in the bitstream is an IDR picture and the rest are B pictures, and the decoding order equals the output order, is used for both HEVC and AVC. Temporal scalability of prediction structure is not supported.
· Number of reference pictures



The number of reference pictures in the reference picture list is set to 4. 1 nearest frame and 3 high quality frames (POC%4==0) are used as the reference frame
· Motion vector search range



The motion vector search range, in units of integer samples, is restricted to 64.
Case 2: Low delay main P only (HM 10.0 Low Delay Main P default configuration)
Compared with case 1, GOP structure is changed
· GOP structures


GOP structure of Low delay main P only (Lowdelay_P) is used. 
Case 3: Low delay main with low complexity (LDB+1Refs+SR32)
Compared with case 1, reference frame number and search range are changed.
· Number of reference pictures

The number of reference pictures in the reference picture list is set to 1 and the nearest 1 frame is used as reference.
· Motion vector search range

The motion vector search range, in units of integer samples, is restricted to 32.
Case 4: Low delay main P only with low complexity (LDP+1Refs+SR32)
Compared with case 3, IPPP GOP structure is used.
Case 5: Low delay main with low complexity (LDB+2Refs+SR32)
Compared with case 3, 2 reference frames is used.
Case 6: Low delay main P only with low complexity (LDP+2Refs+SR32)
Compared with case 5, IPPP GOP structure is used.
Results
The full test results are shown in the attached excel sheet, and a summary of the results are presented here.
Table 2:   BD-rate of H.265/HEVC compared to H.264/AVC Case1
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-32.9%
	-33.0%
	-35.7%
	-45.7%
	-37.5%
	-38.4%
	-61.4%
	-67.9%
	-72.3%
	-46.7%
	-41.5%
	-44.4%

	720p
	-41.0%
	-37.4%
	-37.3%
	-45.2%
	-40.9%
	-39.7%
	-49.0%
	-65.0%
	-67.0%
	-45.5%
	-44.7%
	-44.9%

	480p
	-29.7%
	-30.1%
	-30.5%
	-34.5%
	-35.8%
	-36.4%
	-46.4%
	-58.4%
	-58.2%
	-36.3%
	-37.5%
	-39.0%

	240p
	-27.3%
	-30.7%
	-30.4%
	-31.2%
	-31.3%
	-35.8%
	-39.4%
	-45.8%
	-52.3%
	-32.2%
	-33.7%
	-36.6%

	Overall
	-32.2%
	-32.5%
	-33.4%
	-39.2%
	-36.2%
	-37.5%
	-49.8%
	-59.4%
	-62.7%
	-40.2%
	-39.2%
	-41.2%


Table 3: BD-rate of H.265/HEVC compared to H.264/AVC Case2
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-27.9%
	-34.4%
	-39.5%
	-42.7%
	-40.8%
	-41.4%
	-55.0%
	-63.1%
	-66.3%
	-42.4%
	-42.0%
	-45.2%

	720p
	-37.6%
	-43.8%
	-44.0%
	-46.8%
	-46.6%
	-45.9%
	-50.4%
	-66.3%
	-65.9%
	-45.8%
	-49.7%
	-48.9%

	480p
	-27.4%
	-33.9%
	-34.7%
	-34.7%
	-42.0%
	-42.1%
	-43.1%
	-56.9%
	-55.5%
	-35.6%
	-41.4%
	-42.1%

	240p
	-24.1%
	-33.5%
	-32.9%
	-33.0%
	-40.5%
	-42.6%
	-38.6%
	-48.8%
	-52.6%
	-32.1%
	-39.3%
	-40.4%

	Overall
	-28.6%
	-35.8%
	-37.5%
	-39.1%
	-42.1%
	-42.7%
	-47.1%
	-58.6%
	-60.1%
	-38.8%
	-42.6%
	-43.9%


Table 4: BD-rate of H.265/HEVC compared to H.264/AVC Case3
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-26.2%
	-29.4%
	-33.4%
	-42.9%
	-35.8%
	-35.2%
	-55.4%
	-61.0%
	-64.2%
	-40.9%
	-37.3%
	-39.3%

	720p
	-35.8%
	-41.8%
	-41.1%
	-47.1%
	-42.9%
	-41.2%
	-50.1%
	-65.0%
	-65.6%
	-45.5%
	-47.1%
	-46.8%

	480p
	-24.8%
	-29.5%
	-30.2%
	-34.7%
	-40.1%
	-38.8%
	-43.1%
	-55.4%
	-52.8%
	-34.5%
	-38.9%
	-38.4%

	240p
	-19.8%
	-26.0%
	-25.9%
	-31.7%
	-30.5%
	-36.0%
	-39.1%
	-39.3%
	-48.7%
	-29.5%
	-31.9%
	-33.4%

	Overall
	-26.1%
	-30.9%
	-32.2%
	-38.9%
	-36.9%
	-37.4%
	-47.2%
	-54.9%
	-57.7%
	-37.3%
	-38.2%
	-39.0%


Table 5: BD-rate of H.265/HEVC compared to H.264/AVC Case4
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-27.9%
	-32.3%
	-36.6%
	-48.2%
	-42.2%
	-41.9%
	-64.3%
	-68.4%
	-71.1%
	-46.9%
	-42.9%
	-45.1%

	720p
	-39.8%
	-46.7%
	-46.2%
	-51.1%
	-47.7%
	-45.8%
	-55.3%
	-69.8%
	-69.7%
	-49.8%
	-51.8%
	-51.7%

	480p
	-26.8%
	-29.5%
	-30.2%
	-36.9%
	-41.8%
	-40.7%
	-49.0%
	-59.8%
	-57.2%
	-37.6%
	-41.0%
	-41.0%

	240p
	-22.9%
	-28.1%
	-27.8%
	-33.4%
	-30.8%
	-35.6%
	-43.4%
	-39.7%
	-50.7%
	-32.8%
	-35.1%
	-35.1%

	Overall
	-28.6%
	-33.6%
	-34.9%
	-42.2%
	-40.3%
	-40.8%
	-53.6%
	-59.3%
	-62.2%
	-41.6%
	-42.2%
	-42.8%


Table 6: BD-rate of H.265/HEVC compared to H.264/AVC Case5
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-27.3%
	-29.9%
	-33.5%
	-43.6%
	-37.2%
	-37.2%
	-56.0%
	-62.0%
	-65.2%
	-41.7%
	-38.5%
	-41.0%

	720p
	-37.3%
	-41.8%
	-41.2%
	-47.5%
	-43.5%
	-42.2%
	-50.7%
	-65.3%
	-66.5%
	-46.3%
	-48.2%
	-47.5%

	480p
	-26.2%
	-30.7%
	-31.3%
	-35.6%
	-40.8%
	-39.8%
	-43.9%
	-56.0%
	-53.8%
	-35.6%
	-39.7%
	-39.4%

	240p
	-21.8%
	-28.3%
	-27.9%
	-33.4%
	-34.8%
	-38.5%
	-40.1%
	-45.9%
	-50.8%
	-31.3%
	-35.2%
	-36.1%

	Overall
	-27.5%
	-31.9%
	-33.0%
	-39.8%
	-38.7%
	-39.1%
	-48.0%
	-57.1%
	-59.0%
	-38.4%
	-39.8%
	-40.6%


Table 7: BD-rate of H.265/HEVC compared to H.264/AVC Case6
	
	High bit-rate
	Medium bit-rate
	Low bit-rate
	Overall

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

	1080p
	-30.3%
	-34.4%
	-38.3%
	-49.3%
	-46.0%
	-46.4%
	-65.2%
	-73.5%
	-76.5%
	-48.5%
	-46.3%
	-49.1%

	720p
	-37.3%
	-41.8%
	-41.2%
	-55.1%
	-52.8%
	-52.5%
	-61.8%
	-74.8%
	-77.2%
	-54.2%
	-56.5%
	-57.3%

	480p
	-26.2%
	-30.7%
	-31.3%
	-38.4%
	-43.7%
	-42.8%
	-50.4%
	-62.3%
	-59.8%
	-39.3%
	-43.4%
	-43.1%

	240p
	-21.8%
	-28.3%
	-27.9%
	-36.2%
	-38.4%
	-41.2%
	-45.5%
	-51.8%
	-56.8%
	-35.4%
	-39.5%
	-40.4%

	Overall
	-27.5%
	-31.9%
	-33.0%
	-44.4%
	-44.8%
	-45.4%
	-61.8%
	-74.8%
	-77.2%
	-44.0%
	-45.8%
	-47.0%


Finally, performances and complexity of HM and JM with different complexity configurations are also compared as following and overall data are used for compare.
Table 8: H.265/HEVC Performance with different complexity config. 
	Casex VS Case1
	Y
	U
	V
	Enc Time[%]
	Dec Time[%]

	Case4
	-18.1%
	-25.2%
	-26.0%
	292.9%
	131.4%

	Case3
	-13.4%
	-20.6%
	-21.6%
	240.3%
	119.2%

	Case6
	-14.6%
	-21.0%
	-21.8%
	246.9%
	134.5%

	Case5
	-8.6%
	-15.3%
	-16.4%
	187.1%
	122.5%


   Table 9: JM Performance with different complexity config.
	Case VS Case1
	Y
	U
	V
	Enc Time[%]
	Dec Time[%]

	Case4
	-13.8%
	-22.2%
	-20.9%
	402.5%
	136.5%

	Case3
	-16.2%
	-23.9%
	-22.7%
	160.0%
	116.2%

	Case6
	-11.9%
	-20.1%
	-18.5%
	350.7%
	134.2%

	Case5
	-15.8%
	-25.3%
	-24.6%
	137.9%
	115.2%
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