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1. Introduction

The virtual reality content using the HMD require various conditions in order to provide a good user experience. One of the most well-known cases is to reproduce the sense of sight and hearing from the virtual reality content to the user in order to avoid the sensory conflict. Therefore, it is necessary to provide the same visual and auditory information as the real world.
To make computer or camera generated image quality similar to the actual world image means that it requires a high-resolution display and strong rendering capability. It is also important to make the virtual reality audio to behave the same way it would behave in the real world in order to reduce the VR sickness caused by the sensory conflict. Some of the published articles claim that the image resolution needs to be at least 4K and the display a refresh rate needs to be 90Hz or higher in order to mimic the real world movement. The audio information should also match with the user head movement. Another critical value is the motion-to-photon latency and it is said to be less than 20 ms to reduce the VR sickness caused by the sensory conflict.
To achieve the quantitative requirements stated above, this document presents some of the necessary network requirements by presenting some of the use cases under certain network types.

1. Overview 

Purpose 

This document presents detailed examples and scenarios for each network type so they can studied thoroughly to provide a guideline to define what network requirements are needed to provide a good virtual reality experience in HMD

Scope

This document will cover the following network types: Wired network, Wireless network, Mobile network, Local area network, Network handover and Sensory network used in motion sensing. 
Use Case
Use case for Network
Classification of user

	User
	User’s role

	Player
	· Playing VR content



Use Case Summary

	Cases
	Descriptions
	Remarks

	1
	Remote multi-party interactive content service connected to a wired server
	Wired Network

	2
	Content service provided by server via mobile network outside
	Mobile Network

	3
	Content service provided by server via Wi-Fi network inside
	Wireless Network

	4
	Stand-alone content service responding to motion through sensor network
	Motion Sensing

	5
	Content service where HMD and terminal (client) are connected via local network
	Local Network

	6
	Switching between heterogenous networks while using content service via wireless network
	Network Handover


[image: ]
Use case 1
Wired Network
Overview

When the content is being consumed by the users located remotely through a wired network, it is important to measure the real-time response for each user. Typically, the wired network is known to be very fast, the data packet transfer time can be delayed when the travelling distance increases significantly.
Hence, it is important to identify the data transfer rate that current optical fiber network can support and how long of distance it needs to be in order to provide a stable and reliable end-to-end network and achieve the good VR user experience.

Related actor

The user (s) using the virtual reality content through the same content server located remotely,

Pre-condition

It is directly connected to a terminal such as PC or console gaming device via wired network to enable multi-party communication between remote (including near) users, and it uses and controls high-performance HMD for VR service. The high-performance HMD is equipped with all kinds of media content, processing unit and control management module that the user desires.

Event Flow

· A user is connected to the VR content server using his/her PC connected to a network.
· Other users located remotely are connected to the same VR content server using their own PC connected to a network.
· All users consuming the interactive VR content on the same VR content server.
· 
Post-condition

· All users are having a good VR user experience while they are consuming the content on the server.

Requirements
Functional Requirements
[bookmark: _Hlk505253057]
	Conditions
	Requirements
	Remarks

	Distance between users
	Unlimited
	

	Video Quality
	Stereoscopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	User Motion Recognition
	Use Controllers
	Wired/Wireless

	Device Mobility
	None
	

	Response Time
	Real time
	



Non-functional Requirements

· No users can affect the network speed in the user’s local network.

Use case 2
Use case name: Mobile Network
Overview

A user experiencing the virtual reality content may feel discomfort due to the sensor conflict when the content server is not providing enough bandwidth speed to make the movement in virtual reality with a minimum latency. Maintaining the tolerable latency of motion is critical for a user to feel comfortable while experiencing the virtual reality content, hence; the mobile network should be providing enough bandwidth that provides enough network speed so that the user experiencing the virtual reality content should not experience any sensor conflict.

Related actor

May or may not have one. If there is one, it will the same as the Use case 1.
.
Pre-condition
[bookmark: _Hlk511773992]
A user is connected to a virtual reality content server through wireless Internet and experiencing the virtual reality content with a HMD while travelling at a high speed. In order to connect to the wireless Internet, the HMD is equipped with a high-speed communication module or a smart phone capable of high-speed mobile communication.

Event Flow

· The user is consuming the virtual reality content from the content server using a HMD connected to the mobile network.
· The user uses the communication module of the HMD to use the content or service in the remote server through the mobile communication repeater.
Post-condition

· All users are having a good VR user experience while they are consuming the content on the server.

Requirements
Functional Requirements

	Conditions
	Requirements
	Remarks

	Video Quality
	Sterescopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	User Motion Recognition
	Use Controllers
	Wired/Wireless

	Device Mobility
	Unlimited
	

	Response Time
	Real Time
	



Non-functional Requirements

· No users can affect the network speed within the user’s repeater.

Use case 3
Use case name: Wireless Ethernet Network
Overview

A user experiencing the virtual reality content may feel discomfort due to the sensor conflict when the content server is not providing enough bandwidth speed to make the movement in virtual reality with a minimum latency. Maintaining the tolerable latency of motion is critical for a user to feel comfortable while experiencing the virtual reality content, hence; the mobile network should be providing enough bandwidth that provides enough network speed so that the user experiencing the virtual reality content should not experience any sensor conflict.

Related actor

May or may not have one. If there is one, it will the same as the Use case 1.

Pre-condition

The user is using a HMD to connect to a server providing a VR service through wireless Internet indoors. In order to wirelessly connect to an indoor access point (AP), the HMD is equipped with a high-speed Ethernet module.

Event Flow

· The user is consuming the virtual reality content from the content server using a HMD connected to the wired network.
· The user uses the Ethernet communication module of the HMD to use content or service on the remote server through the indoor AP.
· 
Post-condition

· All users are having a good VR user experience while they are consuming the content on the server.

Requirements
Functional Requirements

	Conditions
	Requirements
	Remarks

	Video Quality
	Stereoscopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	User Motion Recognition
	User Controllers
	Wired/Wireless

	Device Mobility
	Pedestrian walking speed
	Less than 4 km/hr

	Response Time
	Real Time
	



Non-functional Requirements

· No users can affect the network speed within the user’s wireless network AP (Access Point).

Use case 4
Use case name: Sensor Network
Overview

In order to minimize the discomfort caused by the sensor conflict while consuming the virtual reality content in HMD, it is suggested to have the motion-to-photon latency less than 20 ms. Hence, the motion data computed in the user’s PC, game console or other devices along with the data collected by the sensors measuring the user’s motion should be provided with enough bandwidth to meet the latency condition.

Related actor

May or may not have one. If there is one, it will the same as the Use case 1.

Pre-condition

It is directly connected to a terminal such as a PC or a console game device, and can use and control a high-performance HMD (HMD) for VR service. The high-performance HMD is equipped with all kinds of media content, processing unit and control management module that the user desires. The high-performance HMD is equipped with a sensor or sensors for sensing and analyzing all of the user movements. The sensor and the HMD or the sensor and the terminal (HMD connected to D2D) are connected to the sensor network.

Event Flow

· Various types of sensors such as IrDA or Laser are sensing the user’s motion.
· Sensors are using the LAN such as Bluetooth or Zigbee to transfer the detected motion data to the HMD or the terminal with HMD connected.
· All users play motion-responsive content (eg social content such as games and movies connected to networks) using the HMD and the controller connected to the terminal for VR service.
· Users can be in the same space or separated by a long distance.
· A user is responding to another user’s response.
· All users respond relatively to each other's actions.

Post-condition

· All users are having a good VR user experience while they are consuming the content on the server.

Requirements
Functional Requirements

	Conditions
	Requirements
	Remarks

	Distance between the HMD and the Sensor
	Less than 5 m
	Depends on the Local Area Network module performance

	Video Quality
	Stereoscopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	Sensor Network
	Distance
	10 m
	

	
	Speed
	Maximum 50 Mbps
	Bluetooth 5.0

	User Motion Recognition
	Use Controller
	Wired/Wireless

	Device Mobility
	None
	

	Response Time
	Real time
	



Non-functional Requirements

· The sensors measuring the user’s motion is not interfered with other sensors.

Use case 5
Use case name: Local Area Network
Overview

A user experiencing the virtual reality content may feel discomfort due to the sensor conflict when the content server located in LAN is not providing enough bandwidth speed to make the movement in virtual reality with a minimum latency. Maintaining the tolerable latency of motion is critical for a user to feel comfortable while experiencing the virtual reality content, hence; the LAN should be providing enough bandwidth that provides enough network speed so that the user experiencing the virtual reality content should not experience any sensor conflict.

Related actor

None

Pre-condition

A high-performance HMD is wirelessly connected to a terminal such as a PC or a console game device by a local area high speed communication module. The high-performance HMD is equipped with all kinds of media content, processing unit and control management module that the user desires.
Event Flow

· Two users are consuming the virtual reality content using the HMD connected to the LAN or the HMD connected to the client.
· [bookmark: _GoBack]This HMD or the client are providing virtual reality content by exchanging the data locally between the HMD and the client.
· The user uses the communication module of the HMD to use the content or service in the remote server through the mobile communication repeater.

Post-condition

· No users can affect the network speed within the user’s wireless network AP (Access Point).

Requirements
Functional Requirements

	Conditions
	Requirements
	Remakrs

	Distance between the HMD and the Terminal
	Less than 5 m
	Depends on the Local Area Network module performance

	Video Quality
	Stereoscopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	Local Area Network
	Distance
	0.1m~10m
	DLNA / Miracast

	
	Speed
	Maximum 5GHz
	DLNA / Miracast

	User Motion Recognition
	Use controller
	Wired/Wireless

	Device Mobility
	Pedestrian speed
	Less than 4 km/hr

	Response Time
	Real time
	



Non-functional Requirements

· No users can affect the network speed within the user’s wireless network AP (Access Point).

Use case 6
Use case name: Network Handover
Overview

The users consuming the virtual reality content should be able to use the service without any network disconnection within the wireless and the mobile network. To satisfy this condition, the VR HMD should have a wireless ethernet and mobile network modem and it should be able to choose the network that provides the higher bandwidth and the network performance. When the connect network becomes weak, then it should be able to switch the network that provides the better condition.

Related actor

May or may not have one. If there is one, it will the same as the Use case 1.

Pre-condition

· The HMD is equipped with both wireless ethernet and mobile network modem.
· A user is connected to a server with VR service via wireless Internet using the HMD while he is travelling. The HMD is equipped with both high speed communication and Ethernet modules to connect to wireless Internet or a smart phone with various communication capabilities.
Event Flow

· The user is using the HMD with both wireless ethernet and mobile network modem and consuming the virtual reality content while travelling.
· The user environment has a high-performance Wi-Fi AP providing enough bandwidth and performance to provide good virtual reality user experience and the HMD is connected to this AP.
· The user is travelling and the HMD is moving away from this high-performance Wi-Fi AP. No other Wi-Fi AP is detected nearby
· The user’s VR HMD stops searching for the Wi-Fi AP and connected to the mobile network providing good bandwidth and network performance.
· The user uses the communication module of the HMD to use the content or service in the remote server through the mobile communication repeater.
· 
Post-condition

· All users are having a good VR user experience while they are consuming the content on the server and no network disconnection occurs either in wireless or mobile network.

Requirements
Functional Requirements

	Conditions
	Requirements
	Remarks

	Video Quality
	Stereoscopic 3D 4K
	HDMI 2.0

	HMD Movement
	Neck Roll
	0.17 (s/60deg)

	
	Neck Pitch
	0.14 (s/60deg)

	
	Neck Yaw
	0.13 (s/60deg)

	User Motion Recognition
	Use controller
	Wired/Wireless

	Device Mobility
	Unlimited
	

	Response Time
	Real time
	



Non-functional Requirements

· When the network handover occurs, the network bandwidth should still be enough to provide the virtual reality content service.




Scenario

Case 1 (Wired)

[image: EMB000006004ccc]User A is wearing a wired HMD at home in California, USA and playing poker with his friends - user B, C, and D in VR. User B lives in Boston, USA, User C lives in Moscow, Russia, and User D lives in Tokyo, Japan, and they love to play poker together.

In order to create a VR environment that gives a good user experience without experiencing motion sickness, it requires a high resolution and big size 360-degree images and takes less than a 20 ms response time to all moving images. Therefore, it is necessary that the network speed of 10 Gbps or more is required for the HMD to recognize the action of the user, transmit it to the PC, and then the PC transmits the action information to the counterpart via the network and displays the reaction in real time.

Case 2 (Mobile Network)

While User E rides the bus to the meeting place to meet his friend, she is watching the clothes she saw at the department store yesterday and doing VR shopping to make the purchase. VR is more realistic than online shopping malls because it gives the user the feeling that she is actually seeing things. Especially, the ability to unfold and view the clothes in three dimensions provides very important information when she selects the clothes.[image: C:\Users\CEO\AppData\Local\Microsoft\Windows\INetCache\Content.Word\digital-shopping.jpeg]
At this moment, in order to express the detailed texture and the pattern of the clothes, it certainly requires a high resolution and big size images and also the response time to the change of images needs to be less than 20 ms to reflect the action in real time without feeling motion sick. Therefore, in order for the HMD to recognize the user's actions, send them to the PC, and then the PC needs to transmit the action information to the other party through the network in real time, the wireless network speed of 10 Gbps or more is required


Case 3 (Wireless Ethernet Telecommunication)

0. [image: EMB000006004cce]
User F is from London, UK, user G is Bundang, Korea and user H is from Rio, Brazil. They all want to attend the meeting I. However, the user G urgently needs to deal with an important work from his company at the same time the meeting is scheduled but cannot miss the meeting either. To solve this dilemma, user G uses a VR HMD connected to the wireless Ethernet telecommunication to attend the meeting virtually while working on the company work. This was all possible because of the HMD mobility and the high-performance wireless Ethernet communication was possible.

Case 4 (Sensor Network)
[image: EMB000006004ccf]
Table tennis is a very fast-paced game. User J likes to play table tennis in VR with user K, a girlfriend. In order for the user J and K to play games in VR, they must recognize the user's actions around the sensor and transmit the recognized information to the PC through the sensor network. Then, the PC computes the reaction information and transmits it back to the user's HMD display through the sensor network. The network delay time generated in this process should be almost none and it should work in real time.
Case 5 (Local Area Network)
0. [image: EMB000006004cd0]
User L is wearing a HMD at home in Busan, Korea and is dating with user M, his girlfriend, while looking at the Eiffel Tower in Paris' Marsei Square all in VR. User L's HMD is not a high-performance HMD, so it cannot render images in real time. However, the terminal he uses is capable of processing the image information very fast via the wired network. Since the QoS can be satisfying as long as the local area network speed for transmitting video, sound, and motion recognition information is fast enough, the user L is using the HMD which supports DLNA or Miracast to enjoy this happy date with user M.

Case 6 (Handover)

The HMD of the VR service user N is a smartphone-mounted HMD having both a high-speed mobile network module and a wireless Ethernet network module. User N is watching a movie using HMD in the bus. The bus route has a lot of Wi-Fi sections, but some sections do not have Wi-Fi. The user N uses his smartphone network setting to connect the wireless Ethernet network first and then connect to the mobile network. In other words, his HMD connects to Wi-Fi when it is available and connects to the mobile network when it is not available. In such situation, heterogeneous network handover occurs between the Wi-Fi and the wireless mobile network. During this network handover, the performance change may happen between the high-speed network and the low-speed network. This performance difference may prevent the data to be transferred reliably and may create a very uncomfortable situation, such as a nausea. In particular, when a heterogeneous network handover occurs in which network performance is significantly different, the data cliff phenomenon as shown in Figure 1 occurs.
[image: EMB000006004cd1]
(Figure 1: Occurrence of data cliff between the heterogeneous networks)

In the process of transmitting the image file constructed as shown in Figure 2, there is a high possibility that the 'Movie Header' file containing the configuration information of the entire file is lost when the data cliff occurs. If the 'Movie Header' is lost, it is impossible to restore the whole image file even if another file is transferred.

[image: EMB000006004cd2]
(Figure 2: Structure of movie file)

If the data cliff situation as described above occurs, the user cannot expect a good user experience, and may fail to receive the video service itself.

[image: EMB000006004cd3]
(Figure 3: Continuous Network Handover between heterogenous networks avoiding data cliff)

If the data cliff can be managed in the handover interval as shown in Figure 3, the user experience may not significantly improve but it will improve some and prevents the data transfer failure.
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