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[bookmark: copyrightaddon]Introduction
At SA4#94 meeting, FS_QoE_VR SI was agreed in S4-170724 and approved by SA plenary in SP-170614 afterwards. Two major objectives of this work item are as follows:
· 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.
This document addresses these objectives by introducing relevant VR QoE metrics. 

************************************  START OF CHANGES ***************************************
[bookmark: _Toc495581199]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[x] 	26.247 Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH) v
[y] 	ISO/IEC JTC1/SC29/WG11 MPEG2017/m41120_VR_Experience_Metrics.
[z] 	ISO/IEC JTC1/SC29/WG11 N16824 “DIS 23090-2 Omnidirectional Media Format”, April 2017

[bookmark: _Toc495581200]3	Definitions, symbols and abbreviations
[bookmark: _Toc495581201]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc495581202]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc495581203]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
[bookmark: _Toc495581204]	QoE				Quality of Experience
	VR					Virtual Reality
UL	Up-link
[bookmark: _Toc495605963][bookmark: _Toc495606054][bookmark: _Toc495612350][bookmark: _Toc495605965][bookmark: _Toc495606056][bookmark: _Toc495612352]8	Transmission impact on VR QoE
[bookmark: _Toc495605964][bookmark: _Toc495606055][bookmark: _Toc495612351]8.1	Introduction
There are many similarities between VR and traditional streaming in terms of transmission impact on user experience. And some of the QoE metrics defined in TS26.247 could be directly applied for VR service. And of course new QoE metrics are also possible considering specific properties of VR service. All the transmission impact information could be collected by OP1 and OP2 of the reference model described in Section 6.1.
8.2	QoE metrics relevant with network transmission
8.2.1	Average Throughput
Section 10.2.4 in [x] defines the metric for average throughput information. This information could be observed by OP1 of the reference model. 
8.2.2	Buffer Level
Annex D.4.5 in ISO/IEC 23009-1 [43] defines the metrics for buffer level status events. This information could be observed by OP1 of the reference model.
8.2.3	Play List
Section 10.2.7 in [x] defines the metrics for event that may happen due to user action, the end of the content or a permanent failure. This information could be observed by OP1, OP2, OP3 and OP4 of the reference model.
8.2.4	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



9	VR device impact on QoE 
[bookmark: _Toc495605966][bookmark: _Toc495606057][bookmark: _Toc495612353]9.1	Introduction
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, in which VR device would play an important role. This contribution proposes device information relevant to user experience of VR service. All the device property information could be collected by OP5 of the reference model described in Section 6.1.
9.2		QoE metrics relevant with VR device
9.2.1	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.
9.2.2.	Resolution
Resolution here is defined as for per eye. An appropriate screen resolution would provide the best and comfortable experience. 
9.2.3.	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.
9.2.4.	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.
9.2.5	Detailed QoE metrics 
The QoE metrics relevant with VR device as listed Table A is necessary for assessment of device impact on user experience, and suggested to be collected 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.
[bookmark: _Ref498440009]Table A 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 FoV capability.

	
	
	
	horizontalFoV
	Integer
	Horizontal FoV of the device in degrees.

	
	
	
	verticalFoV
	Integer
	Vertical FoV of the device in degrees.
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