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1 Introduction

This document provides updated test plan for evaluation of HEVC for video coding compared to AVC as well as evaluation of HEVC for image coding compared to JPEG for 3GPP multimedia services.

The changes in relative to S4-130160 are marked
· 
· 
· 
· 
· 
, to enable easier identification of the changed parts.
2 Test case definitions
2.1 Introduction
For the evaluation of HEVC for different 3GPP multimedia services (3GP-DASH, MMS, PSS, MBMS and MTSI), coding efficiency tests comparing HEVC and AVC for video coding as well as comparing HEVC and JPEG for image coding need to be performed. Besides, some analysis of complexity impacts should be made. The decision on whether to support HEVC for a particular 3GPP multimedia service should be made based on both coding efficiency test results and complexity analysis.

It should also be noted that it is expected that the decision would be made separately for each service.

This document describes test cases and test procedures for evaluation of HEVC for 3GPP multimedia services in general as well as for specific 3GPP services.

For reference, some existing coding performance analyses of HEVC and AVC can be found in [1-6], and some existing complexity analyses of HEVC and AVC can be found in [6-11], where [7-11] reported real-time HEVC decoding by HEVC decoder implementations based on ARM platforms.
2.2 Test cases for evaluation of HEVC for video coding
2.3 Generic test cases
The generic test cases discussed in this section, except for the random access point (RAP) period, apply for coding efficiency evaluation of HEVC in all 3GPP video services. The RAP period parameter applies to 3GP-DASH, RTP/RTSP based streaming as specified in PSS, MBMS, and MMS, but not MTSI.
Specific test cases for a particular service are specified based on the generic test cases specified here. For example, the test cases for 3GP-DASH are specified in Section 2.2.4.
The test cases included here are expected to target mainly two aspects:
· Improvements in quality for the same bitrate compared to AVC
· Bitrate savings for the same quality compared to AVC
In order to generate relevant test results, the characteristics of 3GPP streaming service environments, especially DASH should be taken into account. These include, but are not limited to target bitrates (e.g. in the range from about a hundred kbit/s up to 8 MBit/s), spatial resolutions (such as 240p, 480p, 720p, and 1080p) and temporal resolutions (such as 24 fps, 30 fps, 50 fps, and 60 fps), maximum random access points distance (1 or 2 seconds).
Specifically the test case parameters in Table 1 are recommended. Note that it is not expected to produce combinations of all parameters below and more work is necessary to produce relevant test cases with suitable parameter combinations.
Table 1 Parameters and Parameter Settings for evaluations of HEVC compared to AVC

	Parameter
	Settings

	Bitrates
	Ranging from 100 kbit/s to 8 Mbps

	Spatial resolutions
	240p, 480p, 720p, 1080p

	Frame rates
	24fps, 30fps, 50 fps, 60fps 

	RAP distance
	1s, 2s


2.4 Test sequences, software and quality metrics
Test sequences

The test sequences used by JCT-VC for development of HEVC are used for the evaluation. Additional test sequences could be included in the tests if they become available. The test sequences and their characteristics are described in Table 2.
Table 2 Test sequences and their characteristics
	Class
	Sequence
	Spatial resolution
	Frame rate

	Class B
	Kimono
	1920x1080
	24 fps

	
	ParkScene
	1920x1080
	24 fps

	
	Cactus
	1920x1080
	50 fps

	
	BasketballDrive
	1920x1080
	50 fps

	
	BQTerrace
	1920x1080
	60 fps

	Class C
	BasketballDrill
	832x480
	50 fps

	
	BQMall
	832x480
	60 fps

	
	PartyScene
	832x480
	50 fps

	
	RaceHorses
	832x480
	30 fps

	
	Kimono_480p
	832x480
	24 fps

	
	ParkScene_480p
	832x480
	24 fps

	
	Cactus_480p
	832x480
	50 fps

	
	BasketballDrive_480p
	832x480
	50 fps

	
	BQTerrace_480p
	832x480
	60 fps

	Class D
	BasketballPass
	416x240
	50 fps

	
	BQSquare
	416x240
	60 fps

	
	BlowingBubbles
	416x240
	50 fps

	
	RaceHorses
	416x240
	30 fps

	
	Kimono_240p
	416x240
	24 fps

	
	ParkScene_240p
	416x240
	24 fps

	
	Cactus_240p
	416x240
	50 fps

	
	BasketballDrive_240p
	416x240
	50 fps

	
	BQTerrace_240p
	416x240
	60 fps

	Class E
	Kimono_720p
	1280x720
	24 fps

	
	ParkScene_720p
	1280x720
	24 fps

	
	Cactus_720p
	1280x720
	50 fps

	
	BasketballDrive_720p
	1280x720
	50 fps

	
	BQTerrace_720p
	1280x720
	60 fps

	
	










Note:
· The Class-C test sequences Kimono_480p, ParkScene_480p, Cactus_480p, BasketballDrive_480p, and BQTerrace_480p are to be generated by firstly down-sampling the corresponding Class-B test sequences using the down-sampling filter used by the JCT-VC for the SHVC work with 2x down-sampling ratio in each dimension (from 1920x1080 to 960x540), followed by cropping 64 luma samples from both left and right, and 30 luma samples from both top and bottom.
· The Class-D test sequences Kimono_240p, ParkScene_240p, Cactus_240p, BasketballDrive_240p, and BQTerrace_240p are to be generated by down-sampling the corresponding Class-C test sequences using the down-sampling filter used by the JCT-VC for the SHVC work with 2x down-sampling ratio in each dimension (from 832x480 to 416x240), with no cropping.
· The Class-E test sequences Kimono_720p, ParkScene_720p, Cactus_720p, BasketballDrive_720p, and BQTerrace_720p are to be generated by down-sampling the corresponding Class-B test sequences using the down-sampling filter used by the JCT-VC for the SHVC work with 1.5x down-sampling ratio in each dimension (from 1920x1080 to 1280x720), with no cropping.
Codec software
For coding efficiency tests, HM version 10 is used for HEVC and JM version 18.4 is used for AVC. For all submitted results the exact version and the configuration files from the test software should be provided.
Companies that would like to report test results should also be allowed to use other implementations of HEVC and AVC.

Quality metrics

It is proposed to use commonly established objective quality metrics that enable to judge the service quality. Established measures used for example by JCT-VC shall be used. In addition, the metrics and tools defined in TR26.902 may be checked if they can be used. Details need to be defined.
It is not expected that subjective results are provided in order to judge quality for the decision process. However, any provided subjective test results are welcome for the TR.
If seen feasible, different metrics can be used for different services. The exact metrics used for evaluating HEVC for each service are given in the respective test conditions.
2.5 Complexity analysis

For MTSI, analyses of both encoding and decoding complexities are required. For other services, encoding complexity is not so much relevant, thus only decoding complexity analysis is required. 

Both algorithmic and numerical analyses are encouraged to be reported.

2.6 Suggested test conditions for 3GP-DASH
General testing settings

The general testing parameters as listed in Table 1 are recommended for evaluations of HEVC for 3GP-DASH.

Test sequences

The JCT-VC test sequences as described in Table 2 are used. Results based on additional test sequences are welcome but not required.
Encoding settings

· QP configuration

Fixed QP configuration must be used, i.e., rate control must not be used, to avoid uncertainty due to different rate control algorithms. Cascaded QP setting (e.g. higher QP for P pictures than I pictures, higher QP for B pictures than P pictures, and higher QP for higher temporal level than lower temporal level in hierarchical coding structures) is allowed. Similar QP cascading strategy is used for both HEVC and AVC.

· GOP structures

Hierarchical B coding structures with GOP size of 8 is used for both HEVC and AVC.
· IRAP pictures

Two types of tests are performed that uses open GOP or closed-GOP configuration for random access. For closed-GOP test, IRAP pictures are IDR pictures for both HEVC and AVC. For open-GOP test, IRAP pictures are clean random access (CRA) pictures for HEVC and open-GOP intra pictures (indicated by recovery point SEI messages) for AVC. The first picture is an IDR picture for both HEVC and AVC for both tests.
· RAP distance

RAP periods of 1 and 2 seconds are required to be tested. In cases when the GOP structure and the frame rate combination is not convenient to generate exact RAP periods of 1 or 2 seconds, the RAP period is required to be adjusted to be as close as possible to the target RAP period. For example, for GOP size 8 and 30 fps, the RAP period is required to be of 4 GOPs for the target RAP period of 1 second, and 8 GOPs for the target RAP period of 2 seconds.
· Temporal scalability

Temporal scalability (with 4 temporal sub-layers) is enabled for both HEVC and AVC
Evaluation metrics

For each test sequence, several encodings are performed at 10 different QPs ranging from very low quality to high quality. The QP settings for HEVC are given as follows: 19, 22, 25, 28, 31, 34, 37, 40, 43, and 46.

From this data, the following information is gathered:

· Coding efficiency improvement of HEVC over AVC for different bitrates and resolutions

· Suitable bitrate range for HEVC for different video resolutions

· Gains of HEVC over AVC for sequences with different characteristics (texture / motion complexity)







2.7 Test cases for evaluation of HEVC for image coding
Codec software

For coding efficiency tests, HM version 10 is used for HEVC and the ImageMagick software is used for JPEG. Note that the use of the ImageMagick codec for JPEG is only tentative and may be updated, subject to further development such as JPEG's response to SA4's liaison letter.
For all submitted results the exact version and the configuration files from the test software should be provided.

Companies that would like to report test results should also be allowed to use other implementations of HEVC and JPEG.

Test pictures

The first pictures of the JCT-VC test sequences as described in Table 2 are used. Results based on additional test pictures are welcome but not required.

Encoding settings

Still pictures are coded at three different quality levels with HEVC and JPEG. The quality levels are defined with PSNR and they correspond to:

· High quality: 40 dB.

· Medium quality: 36 dB

· Low quality: 32 dB
For JPEG, ImageMagick is configured to code pictures specified in the 3GPP services (as baseline DCT, non-differential, Huffman coding, as defined in table B.1, symbol 'SOF0' in 3GPP TS 26.273).
Evaluation metrics

For each picture and quality level, the file size of HEVC picture is compared with the corresponding JPEG picture and the file size saving HEVC brings is measured.
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