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1 Introduction
During SA4#94, a New Study Item “QoE metrics on VR (FS_QoE_VR)” in S4-170724 was agreed and later approved by the SA plenary #77 in SP-170614.

The objective of this Study Item is to investigate the QoE parameters and metrics which may need to be reported by the client to the network for evaluation of user experience:

•
Define a device reference model for VR QoE measurement points.

•
Study key performance indicators that may impact the experience of VR service.

•
Identify the existing QoE parameters and metrics defined in SA4 standards such as TS 26.247, TS 26.114 which are relevant to Virtual Reality user experience;

•
Identify and define new QoE parameters and metrics relevant to Virtual Reality user experience, taking into consideration the use cases listed in TR 26.918, and any sources that show the relevance of new metrics, e.g. scientific literature, specifications/solutions from other standard organizations.

•
Analyse potential improvements to the existing QoE reporting so as to better accommodate VR services.

•
Provide recommendations to future standards work in SA4 on the QoE parameters and metrics and, as necessary, coordinate with other 3GPP groups and external SDOs, e.g. MPEG, ITU-T.

This document addresses methods on how to assess the QoE of Experience in subjective tests. Two test method asking for the overall VR quality are compared and methods for estimating simulator sickness are described.

2 Measurement of video quality and simulator sickness

2.1 Introduction

Several evaluation methodologies have been standardized in ITU-T Rec. P.910 and ITU-R Rec. BT.500-13 for the evaluation of the 2D videos on the 2D displays along with the experimental design and evaluation procedures. However, evaluation methodologies, experimental design, and evaluation procedures for evaluating the 360-degree videos on Head-Mounted Displays (HMDs) have not been standardized yet.
Here the performance of two subjective evaluation methods (DSIS and Modified–ACR) are compared with respect to the reliability of the test method and simulator sickness. Comprehensive subjective tests were carried out. Thereby, we recommend the evaluation procedures and methods for the subjective evaluation of the 360-degree video. 

2.2 Preparation of datasets


Six different videos were used in the conducting the subjective tests. The videos were downloaded from [1 – 3] in two different resolutions 4K and 8K. Due to the hardware limitation, 8K sequences were down-sampled to 4K resolution. The downloaded sequences are in YUV 4:2:0 color space, 30fps, 8-bits per channel, in Equirectangular Projection (ERP) with a duration of 10 s. The encoding settings of the video sequences are explained in [8,9]. Table 1 and 2 show the content name, identifier and different bit-rates. 

2.3 Technical setup and equipment

A widely used HMD was used in the experiments as the test device for evaluating the quality of the 360° videos. The resolution of the device is 2160×1200 and the field of view is 110°. Whirligig player was used for playing the videos in an HMD. The HMD was connected to a desktop PC equipped with an NVIDIA GTX980 graphics card and an Intel Core i7 processor [8,9]. The name of the HMD was hidden to the subjects to decrease contextual effects. 

Table 1. Source contents and IDs [8 – 9]

	Content No.
	1
	2
	3
	4
	5
	6

	Content Name
	Driving in

Country
	PoleVault_le
	Gaslamp
	Harbor
	KiteFlite
	Trolley


Table 2. Target bit-rates in MBit/s for different resolutions. [8 – 9]
	Resolution
	Bit-rate

	UHD/4K
	1
	2
	4
	8
	15

	FHD
	0.5
	1
	1.5
	3.5
	5


Two subjects were performing the test one after the other. Each subject had to rate 60 test stimuli (6 video sequences, 2 resolutions and 5 bit-rates). The five-point scale was displayed on the HMD at four azimuth angles at the same time, so as to always be visible [8]. For collecting the ratings from the user, the experimenter would ask the question and the test participant had to say the number aloud so that the experimenter would note down the rating. This process helps in wearing the device throughout the one test session [8,9].
2.4 Test Methods 

2.4.1 
Modified-ACR Test Method

The M-ACR was proposed in [8] for evaluating the quality of the 360° videos in an HMD based displays. In this test method, the test stimuli are shown twice and the test videos are rated independently. Subjects were asked to provide their rating after the experimenter asked “How would you rate the quality of this video?” during the voting time which was increased to 20 s. The Presentation of one stimulus is shown in Fig. 1.
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Figure 1. Presentation of one stimulus in M-ACR method [8].

2.4.2 Double Stimulus Impairment Scale Test Method

The DSIS test method is also known as degradation category rating (DCR) method [5,6]. In this method, stimuli are always presented in pairs. The first stimulus is always the reference/unimpaired one and the second stimulus is the same reference sequence, but obtained after processing by the system under test. We encoded the reference video with the highest quality or highest bit-rate with HEVC encoder so that there should not be any perceivable/noticeable degradations present in the reference video. This is done because Whirligig player cannot be used for playing the raw video sequences in raw YUV format. The presence of one stimulus is shown in Fig. 2. 
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Figure 2. Presentation of one stimulus in DSIS method [5,6].

2.5 Results 

Outlier detection was performed on the raw scores of the subjects based on ITU-R Rec. BT.500-13 [6]. In both test methods, only one user is found to be an outlier. 

30 users participated in the M-ACR study. Out of 30 users, 15 users were females and 15 were males with an average of 25.62 years [8].

27 subjects participated in the DSIS study. Out of the 27, 16 were males and 11 were females with an average age of 25.07 years [9].

2.5.1 Comparisons of MOS between DSIS and M-ACR

Mean Opinion Scores (MOS) along with the associated 95% Confidence Interval (CI) were computed for each of the test condition in both test methods (DSIS and M-ACR) as shown in Fig. 3. The subjective results show that in both evaluation methodologies, subjects were able to find out the difference in the 4K/UHD and FHD resolutions. Furthermore, at the lower bit-rates (1 and 2 Mbit/s), M-ACR provides the higher MOS then DSIS test method. Whereas, at the higher bit-rates (4, 8, 15 MBit/s) M-ACR provides slightly lower MOS as compared to DSIS.  

From the results, it can be seen that the perceived quality at 15 Mbit/s is slightly higher than 8 Mbit/s for 4K resolution in both evaluation methodologies. Therefore, almost 50% of the bandwidth can be saved by transmitting the 360-degree videos at 8 Mbit/s at a marginal loss of quality [8,9].

The plot between CI vs MOS has been shown in the Fig. 4 for both test methods. From the plot, it is clear that DSIS provides a slightly higher range of MOS then M-ACR, but CI values are higher in the DSIS test method. For evaluating the minute and fine-grained details, especially at 4K resolution, DSIS could be more useful due to its higher subjective resolution power [8,9].
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Figure 3. Average MOS for different test methods at 4K and FHD resolutions [8 – 9].
For checking the reliability of the two evaluation methodologies, statistical reliability was computed based on [10]. MCInorm was calculated based on the equation shown below for M-ACR and DSIS. 
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. Figure 4. CI vs MOS [8 – 9].
Mean Confidence Interval (MCI) is calculated by averaging over all the video sequences, bit-rates and resolutions. MOS Range is computed by taking the absolute difference between the highest MOS and the lowest MOS for each of the test method. Table 3 shows the MOS Range, MCI and MCInorm for M-ACR and DSIS test methods. Results indicate that M-ACR is statistically more reliable as compared to DSIS [8,9].

Table 3. MCI, MOS Range and MCInorm for M-ACR and DSIS [8,9]

	
	M-ACR
	DSIS

	MCI
	0.118
	0.136

	MOS Range
	3.149
	3.198

	MCInorm
	0.037
	0.042


2.5.2 Simulator Sickness

While evaluating the 360° video quality in an HMD, users may experience the symptoms of simulator sickness. There are a lot of factors such as content, technology (Resolution), duration which affects the simulator sickness. In this work we wanted to investigate in which evaluation methodology users are more prone to simulator sickness and how does the viewing session affects the simulator sickness. In order to assess the simulator sickness, subjects were asked to fill the Simulator Sickness Questionnaire proposed in [7]. Simulator sickness scores have been shown in Fig. 5 for DSIS and M-ACR test methods. For the DSIS method, simulator sickness scores have been computed for session #0 which were collected just before the training session and after the pre-screening. It is evident from the result that users are more to simulator sickness while evaluating the 360° videos using DSIS evaluation methodology except in session #1. The possible reason could be the changing of resolution and bit-rate between the reference and video under test in DSIS test method [8,9].
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Figure 5. Simulator Sickness Scores for all the test sessions for DSIS and M-ACR test methods [8,9].

2.6 Conclusion 

In this contribution, we have explained the framework for conducting the subjective testing of the 360-degree videos using HMD. We have evaluated the performance of the two subjective methodologies (M-ACR and DSIS) on the standard video dataset proposed in JVET. Analysis and procedures have been carried out for measuring the subjective quality and the reliability of the evaluation methodology. Also simulator sickness was compared for the two test method. The results allow the conclusion that both methods are reliable but M-ACR has advantages over DSIS.

3 Proposal
It is proposed to include chapter 2 of this contribution into the TR 26.929.   
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