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1. Introduction
SA4#94 meeting approved the study item FS_QoE_VR, and one of the objectives is to study key performance indicators that may impact the experience of VR service. The study of QoE metrics will be conducted from these three aspects: content type, network constraints and device limitations. This contribution discusses and proposes relevant VR QoE metrics.
2. Discussion
A reference model was proposed and documented in [1], and the observation points (OP) is referred for the collection of the following QoE metrics. 

2.1. Device properties

Compared with traditional streaming video, the key feature of VR service is to create immersive experience and enable smooth interactivity between user and the environment. To support this kind of experience, VR device, typically a HMD (Head Mounted Display), would play an important role. This section proposes device information relevant to user experience of VR service. All the device property information could be collected by OP5 of the reference model. 
2.1.1. Field of View

One of the factors that contribute to the uniqueness of 360 video experience is the level of immersion induced by the wider FoV of HMD, which represents the extent of observable environment at any given time. A wider FoV could help provide a more authentic feeling of immersion. Thus FoV of the HMD is an important parameter that helps evaluate to what extent a VR device could help create immersive experience.
2.1.2. Resolution

Resolution here is defined as for per eye. An appropriate screen resolution would provide the best and comfortable experience. 
2.1.3. Refresh Rate

Refresh rate is the number of times per second the display grabs a new image from the graphic processing unit. Lower refresh rate would contribute to processing latency and lead to VR sickness, i.e. viewing glitches on the screen. While higher refresh rate adds to the sense of presence in virtual worlds.
2.1.4. Decoder capability

The support of codec profile and level is an important property that decides the content types it could decode. For example, the support of HEVC Main 10 Profile, Main tier, Level 5.1 is key capability to support OMAF HEVC Viewport-dependent baseline profile.
2.1.5. Proposed QoE metrics relevant with VR device 
The QoE metrics relevant with VR device as listed Table 1 are proposed for assessment of device impact on user experience, and suggested to be collected and reported by VR client. And since these metrics are generally static for VR device, the metric is only logged at the start of each QoE reporting period.
Table 1 QoE metrics relevant with VR device

	Key
	Type
	Description

	DeviceInformationList
	List
	A list of device information objects.

	
	Entry
	Object
	A single object containing new device information.

	
	
	resolution 
	Integer
	Display resolution for each eye

	
	
	refreshRate
	Integer
	The number of times in a second that a display hardware updates its buffer

	
	
	decoderCapability
	Set
	Codec profile and level the device supports

	
	
	fieldofview
	Object
	Information of end device total FoV capability.

	
	
	
	horizontalFoV
	Integer
	Horizontal FoV of the device in degrees.

	
	
	
	verticalFoV
	Integer
	Vertical FoV of the device in degrees.


2.2. Transmission impact
There are many similarities between VR and traditional streaming in terms of transmission impact on user experience. And it is necessary to take a look at the QoE metrics defined in TS26.247 [2] to see which QoE metrics are also relevant with VR service. And of course new QoE metrics are also possible considering specific properties of VR service.
2.2.1. Existing QoE metrics on transmission
The following QoE metrics relevant with transmission impact are defined in [2] for progressive downloading and DASH based streaming video:

· List of Representation Switch Events 
· Average Throughput 
· Initial Playout Delay 
· Buffer Level 
· Play List 

· Playout Delay for Media Start-up
Of the above metrics, the following metrics are proposed for VR service. 
2.2.2. Average Throughput

This metric represents the network speed and help operator/vendor analyze whether patchy performance, e.g. stalling or long initial buffering is due to unsatisfactory network speed. For VR service, which has higher network bandwidth requirement and shorter delay, average throughput would also be a valuable metric to help analysis user experience and network problem. This information could be observed by OP1 of the reference model.
2.2.3. Buffer Level

Buffer level represents the status quo of buffer, indicating the playout duration in miliseconds of media data in the buffer. This level tells whether the buffer is always supportable for continuous playout or there is a danger of stalling, thus helping operators better adapt delivery configuration and improve user experience. As for client in both traditional streaming video and VR service, buffer is a must configuration, thus this information would help in both scenarios. This information could be observed by OP1 of the reference model.
2.2.4. Play List

Play List collects information about events triggered by user action or network performance, e.g. begin of playout triggered by “play” , “seek” or “resume”, or rebuffering caused by worse network performance. This list of information are representative of what of events user encountered during the watching period, be it active or passive. For VR service, these kinds of user action and network performance induced events could also happen. So PlayList is also a necessary metric for VR service. On the other hand, VR service would involve more delicate user interaction, e.g. head/eye movement. Metrics involved in these interaction would also be needed to analyze user experience. This information could be observed by OP1, OP2, OP3 and OP4 of the reference model.
2.2.5. New proposed QoE metrics 
2.2.5.1. Viewport packet loss

When tile based viewport dependent streaming is applied to deliver VR content, not all packets are equal from the experience point of view, and loss of the viewport tile packet has by far the most significant impact on user experience, e.g. packet loss may lead to mosaic effect. While the packet loss of non-viewport tile may not affect user experience at all. It is necessary to collect the information of packet loss of viewport tile to help assess the impact on user experience. This information could be collected by OP1, OP2, OP3 and OP4 of the reference model.
Table 2 Viewport packet loss information

	Parameter
	Type
	Description

	ViewportPacketLoss
	
	

	
	Entry
	list
	List of reportable viewport packet loss

	
	
	sourceUrl
	url
	The segment Url associated with the lost viewport

	
	
	t
	real-time
	The time of the observation

	
	
	reason
	string
	The reason for viewport data loss:
· server error

· client error

· packet error

· packet discard

· other


2.3.  VR content impact

VR content is defined as a new audio-visual media type that shares many characteristics of traditional linear audio-visual content but differs in significant ways, mainly rendering and display part. Take DASH based on-demand VR content for example, the VR content includes media content and metadata, along with the DASH media presentation description (MPD). The MPD contains the relevant information on the different encoded versions of the DASH VR content, including VR-related content information such as those on available viewports, projection and region-wise packing metadata, along with the traditional MPD parameters on codecs, bitrates and resolutions. 
Compared with traditional streaming video with 2D feature, panoramic VR would be delivered via viewport-dependent and viewport-independent mechanism. Thus the traditional MPD parameter would also be variable for viewport and non-viewport content delivery. Since the relevant discussion and standard work is still in progress in MPEG and other SDOs, it is suggested that a close coordination with other relevant SDOs to build a common view on which content information would help analyzing user experience.
3. Proposal
The detailed proposal is to add relevant content in this contribution in TR26.929, described in S4-AHV010.
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