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Abstract: This document proposes to update the KPI table of the use case 5.6 Mobile Metaverse for Immersive Gaming and Live Shows in TR22.856.
1. Introduction
The use case of Mobile Metaverse for Immersive Gaming and Live Shows and associated potential requirements have been agreed and captured in TR22.856 v0.1.0. One KPI table was included to clarify what specific performance was addressed in the potential requirements. 
2. Reason for Change
To support the location and gesture recognition, the referred positioning accuracy was defined as [<1] m in PR#002. 
[PR.5.6.6-2] The 5G System shall support a mechanism to obtain the location and gestures of the players with stringent requirements on 3D positioning accuracy.  
However, regarding further study on the existing research outcome of gesture recognition, positioning tracking for XR applications (e.g. VR gaming), it’s observed that the definition of positioning accuracy need to be fine-tuned to reflect the real need of the industry or XR application. 
As [1] illustrates, the existing consumer-grade motion tracking system such as Oculus Quest 2 can achieve the positioning accuracy of lower than 0.007m. As the experiment result shows in [2], when the positioning accuracy reaches cm-level, the probability of the gesture detection can achieve higher than 93%. 
Based on the above references, this document proposes to separate the KPI value of 3D positioning accuracy, and update it to [<0.01] m for the gesture.
Reference
[1] V. Holzwarth, J. Gisler, C Hirt, A Kunz, “Comparing the Accuracy and Precision of SteamVR Tracking 2.0 and Oculus Quest 2 in a Room Scale Setup” in ICVARS 2021: 2021 the 5th International Conference on Virtual and Augmented Reality Simulations, pp. 42-46, Mar 2021
[2] C. Liu, Y. Li, D. Ao and H. Tian, “Spectrum-Based Hand Gesture Recognition Using Millimeter-Wave Radar Parameter Measurements,” in IEEE Access, vol. 7, pp. 79147-79158, 2019, doi: 10.1109/ACCESS.2019.2923122.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree on the following changes to 3GPP TR22.856 v0.3.0
* * * First Change * * * *
[bookmark: _Toc100862436]5 Use cases
[bookmark: _Toc120013000][bookmark: _Toc120025118][bookmark: _Toc120025273][bookmark: _Toc120091351][bookmark: _Toc120091505][bookmark: _Toc120013001][bookmark: _Toc120025119][bookmark: _Toc120025274][bookmark: _Toc120091352][bookmark: _Toc120091506]5.6 	Mobile Metaverse for Immersive Gaming and Live Shows
5.6.1	Description
Mobile metaverse as a combination of the physical and digital world has already gained the attention of the industry and will benefit from multiple areas, such as gaming, social, medical, industry, transport, and so on [1]. The mobile metaverse will bring us a more immersive experience, which will bring more potential requirements to 5G systems. Among these fields, gaming is considered a pioneer in the development of mobile metaverse. This pCR aims to discuss mobile metaverse for immersive gaming and live shows.
With the support of 5GS, the game players can interact with each other on the cloud or edge server, which may form a digital world called mobile metaverse. The following Figure 5.6.1-1 shows the general idea of this use case. The mobile metaverse may be deployed at the cloud or edge server for immersive gaming and live shows. When the players are playing the basketball game, they may achieve an immersive experience with their avatars, and the avatars can interact with each other, whether the players are in proximity or non-proximity. Meanwhile, other players in the metaverse can join in this digital world as spectators to watch the live show. The sensor data captured by the cloud or edge server may perform coding and rendering to generate the virtual images for immersive gaming and live shows, which may be displayed on a big screen, and the interactive service data could be exchanged among the players, avatars. Here, sensing information include the physical pose/movement, but for a basketball game, the playground and equipments also can have sensor. And this information is useful for the metaverse to perform 3D representation. An immersive experience could be achieved by the players. The major impact on 3GPP is whether and how 5GS can be used to better utilize the sensor information and achieve immersive experiences of the multi-players.
[image: ]
Fig 5.6.1-1 Mobile Metaverse for Immersive Gaming and Live Shows
[bookmark: _Toc120013002][bookmark: _Toc120025120][bookmark: _Toc120025275][bookmark: _Toc120091353][bookmark: _Toc120091507]5.6.2	Pre-conditions
The following are pre-conditions for this use case:
1) The computing resource used for game design and real-time processing such as game development library and rendering tools could be provided for mobile metaverse on the cloud or edge server.
2) 5GS is capable of transporting the uplink/downlink service data.
3) The VR/AR/MR/Cloud Gaming mobile devices, such as mobile headsets or other haptic mobile devices, could be connected to the cloud or edge server for supporting the mobile metaverse immersive game and live show via 5GS.
[bookmark: _Toc120013003][bookmark: _Toc120025121][bookmark: _Toc120025276][bookmark: _Toc120091354][bookmark: _Toc120091508]5.6.3	Service Flows
The following are service flows for this use case:
1) Player A (a lady who is a fan for gaming metaverse) configures her smartphone, which can be called UE. One path is established between the cloud or edge server and the UE. The UE sends a request to the 5GS, and the 5GS authorizes the request and exposes the capability of metaverse game production and game development (e.g. expose APIs) to the UE. Player A controls her avatar and performs game production and game development based on the rules made by her and the game development or material library stored on the cloud or edge server. She creates a basketball game venue, game rules, NFT characters (with player attributes), supermarkets, etc., all stored and run on the cloud or edge server.
NOTE:	The edge may be a burden when it comes to long-term services, such as metaverse data storage and large-scale computing. In such a case, cloud service is essential for being a centralized node to maintaining shared space for thousands or even millions of concurrent users in such a large metaverse, and cloud-edge interaction via 5GS is necessary.
2) Player A invites seven players (B, C, D, E, F, G, H) from the metaverse to join the game venue created by himself. These players form two teams to play a 3v3 basketball game match. Among them, B, C, and D are one group, E, F, and G are another group, and H is the game referee. Each member of each group chooses their own NFT character. Then, player A publishes the game match information, and other players as spectators in the metaverse can  enter the game venue to watch the match.
NOTE:	Players A, B, C, D, E, F, G, and H can be located in different areas in the physical world.
3) [bookmark: _GoBack]The game starts. When the players are playing in the venue of the metaverse, different 3D positioning accuracy is required for the avatars to represent the players’ location and also gestures for a basketball game based on the sensing information transferred through 5GS. The team members in the physical world control the basketball through 5GS in the uplink direction by a typical mobile input device, e.g., VR headset, VR glasses, and at the same time can interact with each other and pass the basketball to them; though the player has no touch with the basketball in the physical world, he can get some haptic experience of the basketball. The team members both in the physical world and virtual world can interact with each other via 5GS anytime, anywhere for an immersive experience.
4) Spectators can watch the game match while eating snacks bought from the supermarket in the venue through 5GS by a typical mobile input device. At the same time, they can view the game attributes, including game rules and player information, by switching the viewing direction. Multiple sensor information can be feedback to spectators an immersive live show experience through 5GS in the downlink direction. The spectators both in the physical world and virtual world can interact with each other via 5GS for an immersive experience.
NOTE:	During the running of the game, UE can access to the metaverse with low power consumption to reduce the metaverse game interruption. The cloud or edge server is used for coding, rendering, and generating the mobile metaverse for immersive gaming and live show.
5) Player A terminates the game application.
[bookmark: _Toc120013004][bookmark: _Toc120025122][bookmark: _Toc120025277][bookmark: _Toc120091355][bookmark: _Toc120091509]5.6.4	Post-conditions
The following are post-conditions for this use case:
The players in the game match achieved an immersive game experience in the metaverse brought by 5GS.
The spectators in the game match achieved an immersive live show experience.
5GS can address and meet the mobile metaverse game requirements with the cloud or edge side.
Players A, B, C, D, E, F, G, and H may earn money from the mobile metaverse game.
[bookmark: _Toc120013005][bookmark: _Toc120025123][bookmark: _Toc120025278][bookmark: _Toc120091356][bookmark: _Toc120091510]5.6.5	Existing features partly or fully covering the use case functionality
In clause 6.43.2 of 3GPP TS 22.261, there are the following requirements:
The5G system shall enable an authorized 3rd party to provide policy(ies) for flows associated with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and associated triggering events, and other coordination information.

The 5G system shall support a means to apply 3rd party provided policy(ies) for flows associated with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and associated triggering events, and other coordination information.
NOTE:	The policy can be used by a 3rd party application for the coordination of the transmission of multiple UEs’ flows (e.g., haptic, audio, and video) of a multi-modal communication session.
[bookmark: _Hlk101432152]5.6.6        Potential New Requirements needed to support the use case
[PR 5.6.6-1] The 5G System shall support the transmission of uplink sensor data transmission and downlink feedback information with stringent requirements on packet delay and bandwidth for real-time interaction.
[PR.5.6.6-2] The 5G System shall support a mechanism to obtain the location and gestures of the players with stringent requirements on 3D positioning accuracy.
KPI requirements related to the potential requirements:
Table 5.6.6-1 – Potential key performance requirements for immersive gaming and live shows
	Use Case
	Characteristic parameter (KPI)
	Influence Quantity
	Remark

	
	End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Positioning accuracy
	Message Size（byte）
	

	Mobile Metaverse for immersive gaming and live shows

	[5~20] ms
	[1~1000] Mbit/s
	[>99.99%]
	[<1] m 
	
	

	
	[5~20] ms
	[1] Mbit/s
	N/A
	[0.01] m
	3 DoFs: 6-24 
6 DoFs: 12-48
(Note 1)
	Sensing information(e.g. position) for gesture recognition

	Note1：the value is captured regarding clause 7.11 [5] .



* * * End of Changes * * * *
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