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1. Introduction

In this contribution, VR QoE metrics are discussed from the perspective of the three aspects: content, network and device. And the focus of this analysis of VR QoE is to define new QoE metrics or to update the established QoE metrics defined for traditional streaming video. Based on the use cases listed in [1], suggestions and examples are provided on key points needing further study. 

In this contribution, QoE metrics are defined as metrics reported by the client that represent certain aspects or events related to the user experience of a VR service. 
2. Discussion

Clause X
Quality of experience of VR

X.1
Introduction

Generally speaking, the technical factors that will impact quality of experience may be attributed to: the device, the transmission network and the type of content. This section tries to analysis the gap of VR QoE based on these three aspects.
X.2
Network impact on quality of experience (QoE)
Network performance is important for the VR service that is streamed to the UE in real-time when it is needed. For example, in case of FOV downloading, when a FOV video (rather than 360° video) is downloaded in real-time, and user interaction occurs, e.g. head movement, then the relevant FOV video segment needs to be delivered, within certain latency limits to enable a believable experience without producing VR sickness effects. In this case, the information about how long the user waits before the high-quality version appears would be useful for the network to better adapt streaming configuration in order to enable better user experience. 
Similarly, in case of adaptive ROI streaming, when the user chooses a ROI from the thumbnail video, the server must respond with the corresponding overlapping high resolution tiles within a certain delay to ensure a seamless experience. 
Based on the above analysis, it is clear that events involved in VR services are more complex than for traditional streaming video. In order to better understand what happens to the user end, the network operators need to collect QoE metrics that are able to represent these features and events. Based on these metrics, the server or the operator is able to analysis which part of delay contributes the most, and according solution is applied. 
As a result, further study is required to determine what to report and how to describe these events in a simple and clear way for better understanding. A baseline reference for this work could be the Play List defined in [2] for DASH and Progressive downloading. 
X.3
Content impact on quality of experience
In [2], the MPD information sent by the client for content quality evaluation in DASH based streaming video applications includes: @bandwidth, @qualityRanking, @width, @height, @mimeType, and @codecs. While many of these will apply for DASH based VR video, VR service needs to create virtual environment that enables users to feel immersed with sound, image or other stimuli. This would has more requirements on the creation and delivery of content. For example, when pyramid projection is used, the user’s current viewing area will be represented with higher resolution while the area outside the viewport will be encoded with lower resolution. This will inevitably lead to degraded video quality when a user moves his head to look at objects within the lower resolution area. In this case, the information about how the content is projected and mapped is useful to evaluate the content quality from the user’s point of view. 
Compared with the MPD information defined in [2], more information for a VR service is therefore very likely to be needed by the network operator to better understand and manage the delivered media characteristics. As a result, further study will be necessary to determine what kind of additional information is needed for quality evaluation of VR experience.
X.4
Device impact on quality of experience
The device plays an important role in the end-to-end user experience. For a traditional mobile phone, relevant QoE metrics are defined in [2] to represent its impact on end user experience, including displayed video resolution as well as the physical screen characteristics, but a VR device will have more features. A typical VR device usually has such attributes as: screen size, resolution, pixel size, field of view, refresh rate, head-tracking/eye-tracking latency, degree of freedom, weight, etc. The device information that would be related to the user experience of VR service also requires further study.
3. Proposal 

It is suggested that Section 2 of this contribution is added to [1], for example extend Chapter 9 with sub-clause 9.4 VR QoE analysis. The abbreviation MPD (Media Presentation Description) should be added to the Abbreviations subclause and finally, the following conclusion is suggested to be included as part of Chapter 10 Conclusion:
User experience based network management is important for operators to provide best quality of experience for VR. And it is necessary to take into account the above mentioned three aspects: content quality, the network constraints and the device limitations. Defining VR-service specific QoE metrics allows operators to understand and manage how end users are experiencing specific services. Based on these QoE metrics, operators may perform problem analysis and trouble shooting. In a similar manner to the way in which services such as DASH, progressive downloading and MTSI are provided with QoE metrics and tools, it is suggested that a study on QoE metrics relevant to VR user experience is initiated. 
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