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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction
User experience based network management is important for operators so that they can provide best quality services. In case of a VR service, which is much more complex than traditional video streaming in terms of content creation, network transmission and device requirements, the provision of a satisfying immersive experience is more challenging. The first step of this effort would be to find out what factors have an impact on user experience, and define reference metrics and parameters that would help operators make assessment of user experience, do trouble shooting and design target solutions. 
The analysis of impact on user experience involves the whole E2E VR service chain:

· Creation of content. VR content creation would involve multiple steps such as capture, stitching, projection, and encoding, each step would have an impact on the content itself. It is necessary to look into each step and find out what factors are relevant to the VR experience;

· Network transmission. The amount of video data of VR content entails a high streaming bitrate, and may lead to a risk of network and/or access link congestion and re-buffering, and thus an impediment to limiting latency. Latency is one of the key elements to create the feeling of immersiveness, and thus has considerable impact on user experience. 
· Device requirement. Compared with a traditional device, be it a mobile phone or a tablet, a VR device exhibits many more attributes, designed to help create immersive experience. The degree of freedom it provides to users, the sensitivity of sensors that enable quick catching of head movement, and many other attributes, all need to be studied and evaluated about their relevance to user experience.  
This report investigates the QoE metrics relevant with VR experience from the aforementioned three aspects, and also the way of reporting these QoE metrics to the network for further analysis. 

1
Scope

This Technical Report provides a study on the QoE metrics relevant to VR service. The study focuses on:
· Defining a device reference model for VR QoE measurement points.
· Studying key performance indicators that may impact the experience of VR service.
· Identifying 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;

· Identifying and defining 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.

· Analysing potential improvements to the existing QoE reporting so as to better accommodate VR services.

· Providing 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.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
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".



3
Definitions, symbols and abbreviations
3.1
Definitions

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].

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

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].


QoE



Quality of Experience

VR




Virtual Reality
UL
Up-link
4
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VR QoE reference model under consideration
6.1
General description
A reference model for VR QoE measurement is illustrated in Figure 6.1.1. 
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Figure 6.1.1: Reference model for VR QoE measurement
6.2
Observation point 1

The network access element issues network request for VR content depending on the data received from Sensor and projection/orientation metadata carried in network manifest file receives network response containing VR content and decapsulates VR media stream from the network. The interface from the network access element towards metric collection and computation (MCC) is referred to as observation point 1 (OP1). 

The OP1 is defined to monitor the following information:
· a sequence of transmitted network requests, each defined by its transmission time, contents, and the TCP connection on which it is sent; and

· for each network response, th reception time and contents of the response header and the reception time of each byte of the response body.
· The projection/orientation metadata carried in network manifest file.
6.3
Observation point 2

The media processing element carries out demux and audio, image, video. The interface from the media processing element towards MCC is referred to as observation point 2 (OP2).

The OP2 consists of encoded media samples, and OP2 is defined to monitor:

· media type, e.g. media resolution, media codec, media frame rate, media projection, etc 

· media decoding time

6.4
Observation point 3

The sensor element acquires user’s head or body position, orientation and motion, the sensor may also acquire environmental data such as light, temperature, magnetic fields, gravity and biometrics etc. The interface from the sensor towards MCC is referred to as observation point 3 (OP3).

The OP3 is defined to monitor the information such as:

· Motion tracking information, e.g. 3DoF (Pitch, Yaw and Roll), 6DoF (X, Y, Z, Pitch, Yaw and Roll)

· Timestamp when user movement is captured
· Depth

6.5
Observation point 4

The rendering element carries out colour conversion, projection, media composition and view synthesis for each VR media element.

The media presentation element synchronizes and presents mixed nature and sythentic VR media elements to provide a full immersive VR experience to the user. The interface from the media presentation towards MCC is referred to as observation point 4 (OP4).

The OP4 is defined to monitor the information such as:

· The media type

· The media sample presentation timestamp

· Wall Clock counter

· Actual presentation viewport

· Actual presentation time

· Actual playout frame rate

· Audio-to-video synchronization
· Video-to-motion latency

· Audio-to-motion latency
6.6
Observation point 5

The VR client control and management element manages client parameters such as display resolution, frame rate, field of view (FOV), eye to screen distance, lens separation distance, etc. The interface from the VR client control & management towards MCC is referred to as observation point 5 (OP5).

The OP5 is defined to monitor the information such as:

· Display characteristics, e.g. display resolution, display PPI, etc. 
· OS support, e.g. OS type, OS version
MCC may acquire data from multiple OPs and derive or compute specific VR metrics such as latency or viewport package loss
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