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Abstract: This document proposes to update an existing use case in TR 22.842 to list  support high data rate for AR/VR with lightweight VR devicesheadset as a possible use case.
*******************************************Start of Change***********************************************
[bookmark: _Toc1743354][bookmark: _Toc1743370]5.2	VR Based Interactive Service  
[bookmark: _Toc1743355]5.2.1	Description
In NR, VR service could be one of the killer applications, and the gaming based on VR would be the most attractive interactive service. The goal of this use case is to provide VR based interactive service between UEs in proximity. 
In section 5.11 in [2], the virtual presence has already been described as an interactive service for high data rate zones (e.g. Office Environment). There are threetwo use cases described as follows:
Use Case 1: One people could communicate with other people from other places with some special devices, e.g. Virtual Presence glasses;
Use Case 2: One people could communicate with his classmates and teachers via virtual presence glasses when he could not attend the classes because of e.g. surgery.
Use Case 3: One person could use his lightweight VR headset (where the VR headset is physically lighter and less computationally capable than a full VR headset) to watch the VR videos locally stored in his smartphone, or the VR videos transmitted from cloud. 
And the service requirements for the typical interactive service, i.e. VR service, are listed as follows based on [4]:
To support VR environments with low motion-to-photon capabilities, the 5G system shall support:
-	motion-to-photon latency in the range of 7-15ms while maintaining the required user data rate of [1Gbps] and
-	motion-to-sound delay of [<20ms].
NOTE: 	The motion-to-photon latency is defined as the latency between the physical movement of a user's head and the updated picture in the VR headset. The motion-to-sound latency is the latency between the physical movement of a user's head and updated sound waves from a head mounted speaker reaching their ears.
However, in the research report [5], it was mentioned high-mobility automotive content streaming would require strong network uniformity with increased capacity to handle growing bitrate requirements, and this also applies for interactive service. More advanced video formats, like interactive 6 degrees of freedom (6DoF) video, could also be used for interactive service and will be most demanding in terms of bandwidth, with up to 10X the bitrate required for 4K video.
And the usefulness of VR is heavily dependent on three network components: high throughput, low latency and a uniform experience. Within all these requirements, the maximum data rate of VR service would reach at least 1 Gbps; and if the latency based on Motion-to-Photon (MTP) is less than 15ms (including processing delay in device), the latency would be imperceptible to all users. 
And further more in [6], the user throughput of VR service was mentioned as 7Gbps with a latency of 10ms, and with advanced compression techniques the network throughput requirement can be approximately 5.2 Gbps [7][8].
Besides, in [9], it was also mentioned that currently stringent latency requirements are of utmost importance for providing a pleasant immersive experience especially for VR based interactive service. The human eye needs to perceive accurate and smooth movements with low motion-to-photon (MTP) latency, which is the lapse between a movement (e.g., head rotation) and a frame’s pixels corresponding to the new field of views shown to the eyes. And the E2E latency is about 15ms including the device processing delay. And it was also mentioned that a maximum packet error rate (PER) of 10-5 correlates with the VR tracking message signalling that has to be delivered with ultra-high reliability to ensure smooth VR service.
As mentioned above, different companies have different views on how large data rate should be supported.
And based on the study, improved VR performance could be obtained with the following conditions:
-	Terminal: 120 degree with 16K screen resolution
-	Content: Full view resolution as 23040*11520 with 3D DoF and 120fps
And for the interactive service like interactive gaming, at least 2 UEs will join the interactive game. For the maximum number, different interactive game may have different numbers, e.g. 10 or even 100. Here, to be realistic, we think 10 could be appropriate number to start.
Besides, from network perspective, the VR based interactive service can be satisfied by both the ProSe Communication path (direct) and the 5GC path, and network can determine whether the ProSe Communication path (direct) or 5GC path should be used based on the interactive service requirements. For example, when UE is in the coverage and the service requirements e.g. data rate can be satisfied, the network can use the 5GC path; while UE is in the coverage but service requirements e.g. data rate cannot be satisfied, the network can use the ProSe Communication path (direct). 
*******************************************End Change***********************************************
x.y	Use case for AR/VR with lightweight VR HMD
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.y.1	Description
Current VR device (e.g., VR HMD) is heavy and expensive, and will become over heated easily. The cost and also the bad user experience will restrain the VR device and service popular, which further may restrain the usage of 5G system for VR market.
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Lightweight VR HMD will facilitate their introduction in homes. Decouple complexity functions from the HMD may be a way to achieve lightweight HMD, as shown in the figure below. 
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In this scenario, the video decoder functionalities and the GPU rendering functionalities can be decoupled from the HMD and will be implemented in another home device (e.g. smartphone or home gateway). In this case, avoiding decompression and rendering mechanism should facilitate the HMD to be light as this would reduce processing needs in the HMD.
[bookmark: OLE_LINK7]When no compression is supported in the lightweight HMD, two scenarios are possible:
1) Either the network support transport of uncompressed data and can be sent over Uu to the HMD 
2) Or there shall be a possibility to ensure another home device close to the HMD is able to receive compressed data from the Uu interface and then send uncompressed data to the HMD by using D2D communication.

x.y.2	Pre-conditions
Eric buys a new light HMD to play VR games. Eric registers this light HMD to the PLMN as a UE. 
Eric also have a smartphone which is installed with video decoder and GPU rendering functionalities. 
The PLMN provide the radio coverage which can support Ultra-high data rate and low latency for Eric’s Home. 
x.y.3	Service Flows 
1. Eric turns on the light HMD and start to play VR game in the home.
2. The VR application server sends VR video stream to the light HMD via the network. Since in the area, the PLMN can provide Ultra-high data rate and low latency, the VR application can sends uncompressed video stream. 
3. After a few hours, Eric decides to visit his friends David. He takes both his smartphone and the light HMD together in order to share the game with David.
4. In David’s home, the Ultra-high data rate and low latency link is not available so that cannot send the uncompressed video stream directly to the light HMD. Then the network decides to use a combined way to serve the light HMD. 
5. The network inform both Eric’s smartphone and light HMD to establish a D2D communication path between the smartphone and the light HMD. The establishment of the D2D communication path is fully controlled by the PLMN. Also, a data connection between the network and the smartphone is established by using Uu interface. 
6. The network indicate the VR application to send compressed VR video stream.
7. The smartphone received the compressed VR video stream from the VR application via the Uu interface.
8. The smartphone uncompressed the VR video stream and then send the uncompressed video stream to the light HMD via the established D2D communication path. 
x.y.4	Post-conditions
Eric and David can play VR game by using the light HMD.
x.y.5	Existing features partly or fully covering the use case functionality
TS 22.261 specified an Indoor hotspot scenario, which can support 1Gbps for DL. 
	
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL)
	Area traffic capacity
(UL)
	Overall user density 
	Activity factor
	UE speed
	Coverage

	3
	Indoor hotspot
	1 Gbps
	500 Mbps
	15 Tbps/km2
	2 Tbps/km2
	250 000/km2
	note 2
	Pedestrians
	Office and residential (note 2) (note 3)



[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]x.1.6	Potential New Requirements needed to support the use case
The 5G system shall be able to exchange interactive service data via the ProSe Communication path (direct) or via the 5GC path in order to guarantee the user experience with impact minimized on receiving UE’s limited resources (e.g., battery consumption, processor capabilities). The KPIs for 5GC path and ProSe Communication path in the below two tables shall be met:
Table 1. KPIs for 5GC path
	Use Case
	Packet type
	Required Data Rate
	link latency

	Packet size 
	Reliability

	active of UE
	Service area
	mobility

	Lightweight HMD (Uu)
	2K resolution VR/AR 
	5Gbit/s 
	10ms
	5MB
	99.99%

	<5

	10-100m2
	Stationary or limited mobility (<1m/s)

	
	Motion tracking
	192Kbit/s
	8ms
	24 Bytes
	99.999
	
	
	



Table 2. KPIs for ProSe Communication path
	Use Case
	Packet type
	Required Data Rate
	link latency

	Packet size 
	Reliability

	Comm range
	Service area
	mobility

	Lightweight HMD (Prose)
	2K resolution VR/AR 
	5Gbit/s 
	4ms
	5MB
	99.99%

	> 10 meters

	10-100m2
	Stationary or limited mobility (<1m/s)

	
	Motion tracking
	192Kbit/s
	2ms
	24 Bytes
	99.999
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