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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 the fact that the content itself has an impact on the QoE and especially on simulator sickness. 

2 Impact of Content Complexity on QoE

2.1 
Introduction 

QoE provided by the immersive technologies such 360-degree videos play an important role how much users are going to interact with the technology. Therefore, there is a need to assess the QoE of the new emerging technology, as QoE is one of the contributing factors in making the technology successful.

In this work, we are investigating the influence of resolutions, camera motion, motion in the content, and simulator sickness on QoE. Some of the users are prone to simulator sickness, therefore, we are interested in investigating how does the simulator sickness interact with the QoE and vice-versa.  
2.2 Preparation of datasets

The dataset was downloaded from YouTube in two resolutions, 4K and FHD (see Table 1). Choosing 4K and FHD was motivated by the resolution limitation of the HMDs. The resolution of both devices is 2160×1200. The reason for downloading the dataset from YouTube was that the duration of these video sequences are much longer compared to the standard dataset [1 – 3]. We also wanted to use off-the-shelf contents. Table 1 provides an overview of the content. We downloaded the H.264/AVC encoded video sequences, which were then cut to the duration of 60-65 seconds with XMedia Recode without changing the quality of the video [4][11]. The video files are publicly available
. 
2.3 Technical setup and equipment

Two HMDs were used from two different companies – named HMD1and HMD2  here. The resolution and field of view (FOV) for both devices are 2160×1200 and 110° respectively. Whirligig player (version 3.89) was used in order to display the 360° videos in both HMDs. The HMDs were connected to a desktop PC equipped with an NVIDIA GTX980 graphics card and an Intel Core i7 processor. The names of the HMDs were hidden to the subjects to decrease contextual effects [4] [11].

Table 1. Description of the Dataset [4] [11]
	No.
	Name
	Resolution
	FPS
	Bit-rate
(in mbps)
	Timestamp

	 1
	Mega Coaster
	3840×2048
	30
	17.7
	00.10 – 01:10

	
	
	1920×1080
	
	3.7
	

	2
	Project 360
	3840×2160
	30
	17.4
	01:36 – 02:40

	
	
	1920×1080
	
	3.4
	

	3
	360 Cockpit View
	3840×1920
	25
	9.8
	07:35 – 08:40

	
	
	1920×1080
	
	3.6
	

	4
	Sky Diving in 360
	3840×1920
	29
	16.4
	03:22 – 04:25

	
	
	1920×1080
	
	4.5
	

	5
	Reimagine – Etihad A380
	3840×2048
	29
	8.5
	03:29 – 04:31

	
	
	1920×1080
	
	2.4
	

	6
	Surrounded by Wild Elephants
	3840×2048
	30
	13.0
	01:19 – 02:24

	
	
	1920×1080
	
	3.5
	


2.4 Test Method 

For assessing the QoE of 360° videos, the Absolute Category Ratings (ACR) [5] method was used. Subjects were asked to rate the “Integral quality of VR representation”, and a paper-based scale was provided after each sequence. Instructions were given to the subjects not to consider stitching and ghosting artifacts while rating the videos. A total of 28 subjects participated in the subjective test. Out of 28, 15 were female and 13 were male, with an average age of 26.25 and a median of 25. Prior to the experiment, subjects were screened for correct visual acuity using Snellen charts (20/20) and for color vision using Ishihara charts. A short training was performed at the beginning of each test session to familiarize the subjects with the test procedure, and to help adjusting the HMD(s) according to their head size and inter-ocular distance [4] [11].
2.5 Results 

2.5.1 
Audiovisual quality of the entire VR session 

Outlier detection was performed on the raw scores of the subjects based on ITU-R Rec. BT.500-13 [6]. In this experiment, no outliers were found. Mean Opinion Score (MOS) along with the associated 95% Confidence Interval (CI) were computed for each test stimulus. 

From Figure 1, it is clear that subjects were able to find a difference between the two resolutions irrespective of the device and content. Figure 2 shows the difference in the MOS for HMD2 and HMD1 for 4K and FHD resolution. For 4K resolution, HMD1 was slightly preferred over HMD2 for all the contents except content #5. For the FHD resolution, in tendency, the HMD2 was preferred for the contents #1, #3 and #5, but the difference was not significant. For contents #2 and #6, the difference in the MOS is considerable and for content #2 the difference is statistically significant [4] [11].
It is interesting to note that video sequence “Project 360” (Content #2) which has the highest amount of motion due to the motion in the content and camera motion provides the least QoE irrespective of the device and resolution. Whereas, the video sequence “Surrounded by Wild Elephants” (Content #6) which has the least motion in the content provides the highest QoE irrespective of device at 4K resolution.  
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Figure 1. MOS with CIs obtained all devices and resolutions [4] [11]. 

A one-way ANOVA was carried out on the individual ratings to analyze the impact of the resolution, device, and content on the users’ judgements. Results show that content and resolution have a significant impact on the users’ ratings with all p - values < 0.01, whereas the device has a slight but non-significant effect (p = 0.07) [4] [11].
2.5.2 
Assessment of simulator sickness

While watching the 360° videos in HMD, users may experience symptoms of simulator sickness. Therefore, assessing the simulator sickness is a relevant additional step. Simulator sickness is a sub-category of motion sickness and symptoms comprise fatigue, sweating, vertigo, nausea, etc.  
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Figure 2. Difference in the MOS between devices for different resolutions [4] [11].
[4] [7]. The most popular Questionnaire for assessing the simulator sickness is Simulator Sickness Questionnaire (SSQ) published in 1993 [7], which we used for our experiment.
SSQ was derived from the motion sickness questionnaire (MSQ) [7], selecting 16 out of the original 28 symptoms for analysis. These symptoms are further classified into three sub-categories: nausea (N), oculomotor (O), and disorientation (D). Not all 16 symptoms are used for calculating N, O, D, and unit weights are assigned in each category. For obtaining the scores, a 4-point scale (0, 1, 2, 3) is used and weighted values are added to get the scores for each category. N, O, D, and Total Score (TS) are then calculated using the method shown in [7].
From Fig. 3 it is clear that for HMD1 for 4K resolution, content 2 leads to the highest simulator sickness scores. It is worth to note that content 2 lead to the lowest quality scores. Inversely, content 6 has the lowest simulator sickness scores and the highest QoE. For HMD2 for FHD resolution, content 2 lead to the highest simulator sickness scores among all devices and resolutions as well, and was judged to have the lowest quality among all devices and resolutions. These observations indicate that simulator sickness interacts with quality when 360° videos are watched in HMDs, or may be the cause for lower quality scores.
[image: image3.png]g % hhhul—-l—-

WP

5
2
°

:

. | Bl l-L-
:

l'lll.-hl.ll.-S

ssssss

||||||

mmm;
Pi




Figure 3. Simulator Sickness Scores for all devices and resolutions [4] [11].
In order to find the influence of resolution on the simulator sickness scores, the difference between the simulator sickness scores of 4K and FHD have been computed for HMD1 and HMD2, as shown in Figure 4. It can be seen from the graph that – in case of HMD1– users are generally more prone to simulator sickness in FHD resolution as compared to 4K resolution. For HMD2, contents 3 and 6 show slightly lower simulator sickness scores for FHD [4] [11].
An ANOVA was carried out on the Total Score of simulator sickness with content, resolution and gender as factors. Results indicate that content, resolution and gender as random factors. Results indicate that content, resolution and gender have a significant impact on the simulator sickness scores with all p-values < 0.01.
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Figure 4.Difference in Simulator Sickness Scores depending on resolution [7].
2.6 Conclusion

In this contribution, we have investigated the influence of resolutions, camera motion, motion in the content, and simulator sickness on QoE. Results show that 4K/UHD provides better QoE as compared to FHD resolution. In addition, we have shown that camera motion and motion in the content interacts with the QoE. Simulator sickness has also an impact on the QoE and vice-versa. Content that has the lowest simulator sickness scores provides the maximum QoE to the users and vice-versa.    

Hence it is essential to include detection of features for camera motion and motion in the content for deriving metrics that help to estimate simulator sickness and consequently the influence of simulator sickness on the VR QoE. 
3 Proposal

It is proposed to include chapter 2 of this contribution into the TR 26.929, Chapter 7 “VR content impact on QoE”.   
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