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Abstract: This pCR proposes an initial consolidation of requirements for the FS_Metaverse study. 
More work will be required to complete the consolidation of requirements since it is expected that some new or modified requirements will be agreed at SA1 101 and added to TR 22.856-040.
This pCR does not merge any of the 'digital asset' requirements (5.13, 5.15, 5.16).
This consolidation only considers
-	requirements agreed and in TR 22.856-030; 
-	with aligned terminology (based on terminology in 22.856, with alignment throughout the TR as proposed at SA1 101);
-	for potential requirements without editor's notes questioning whether the PR can be included, etc.
After SA1 101, the agreed requirements from that meeting (with no remaining Editor's Notes and FFS statements) will be treated as shown below to create a proposed consolidation of requirements for SA1 102.
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]In the final version, the potential requirements 'source text' will be removed, leaving only the reference. At this point, the text is left in the change to aid in reading and working with the consolidation in the draft stage.

The KPI tables from TR 22.856 0.3.0 used for consolidation
KPI tables are accumulated from different sections and then a 'consolidation' is attempted.
[PR 2.1.6-1] The 5G system shall be able to support the following KPIs for transmission for traffic between a large number of UEs and application server (e.g. mobile metaverse server).
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Area Traffic capacity
	Message Data Volume (bits)
	Frequency
(Hz)
	Service Area

	5G-enabled Traffic Flow Simulation and Situational Awareness
	 [5-20] ms (NOTE 1)

	[10~100 Mbit/s] [25][NOTE 6]

	> 99.9%
	[~39.6  Tbit/s/km2 ] 
(NOTE 5)
	Typical data:
Camera: 10M per sensor (unstructured)
LiDAR: 90M per sensor (unstructured)
Radar: 10M per sensor (unstructured)

Real-time Status information including Telemetry data:
[< 50K]  per sensor/vehicle/VRU
(structured)

(NOTE 2)
	10~50
(NOTE 3)
	City or Country wise
(NOTE 4)

	NOTE 1:     The mobile metaverse server receives the data from various sensors, performs data processing, rendering and provide feedback to the vehicles and user s. The end-to-end latency refers to the transmission delay between a UE and the mobile metaverse server.  Exact value is FFS
NOTE 2:     To support at least 80 vehicles and 1600 users present at the same location (e.g. in an area of 40m*250m) to actively enjoy immersive metaverse services for traffic simulation and traffic awareness, the area traffic capacity is calculated considering 2 cameras, 2 Radars, 2 LiDARs on road side, 1600 user’s smart phones and 80 vehicles with 7 cameras, 4 radar and 2 LiDAR for each vehicle.  These application layer message data need to be segmented for network transport thus doesn’t mean packet size.  The real-time status information including telemetry data may be structured.
NOTE 3:     The frequency considers different sensor types such as Radar/LiDAR (10Hz) and Camera(10~50Hz).
NOTE 4:    	The service area for traffic flow simulation and situational awareness depends on the actual deployment, for example, it can be deployed for a city or a district within a city or even countrywide.  In some cases a local approach (e.g. the application servers are hosted at the network edge) is preferred in order to satisfy the requirements of low latency and high reliability.
NOTE 5:     The calculation is this table is done per one 5G network, in case of N 5G networks to be involved for such use case in the same area, this value can be divided by N.  Exact value is FFS.
NOTE 6:     User experienced data rate refers to the data rate needed for the vehicle or human,  the value is observed from industrial practice and exact value are FFS. 


[bookmark: _GoBack][PR 5.3.6.1-1] The 5G System shall provide the appropriate connectivity KPIs for the use case of collaborative and concurrent engineering in product design, see table 5.3.6.1-1.
Table 5.3.6.1-1 – Potential key performance requirements for collaborative and concurrent engineering in product design
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Area Traffic capacity
	Message size (byte)
	UE Speed
	Service Area

	Collaborative and concurrent engineering
	[≤10] ms

Typical haptic data: [5] ms (note 1)

	[1-100] Mbit/s
([14])
	[> 99.9%] ([14])

Typically for Haptic: [> 99.9%] (without compression)

Typically for Haptic: [> 99.999%] (with compression (note 4))
[26]
	[3.804]  Tbit/s/km2  
(note 2)
	Typical haptic data:
1 DoF: 2-8 
3 DoFs: 6-24 
6 DoFs: 12-48 

Video: 1500
Audio: 100

([14])
	Stationary or Pedestrian
	typically 
< 100 km2
(note 3)

	NOTE 1:     The network based conference focus is assumed, which receives data from all the participants, performs rendering (image synthesis), and then distributes the results to all participants. The latency refers to the transmission delay between a UE and the application server.
NOTE 2:     To support at least 15 users present at the same location (e.g. in an area of 20m*20m) to actively enjoy immersive Metaverse service concurrently, the area traffic capacity is calculated considering per user consuming non-haptic XR media (e.g. for video per stream up to 40000 kbit/s) and concurrently 60 haptic sensors (per haptic sensor generates data up to 1024 kbit/s).
NOTE 3:    	In practice, the service area depends on the actual deployment. In some cases a local approach (e.g. the application servers are hosted at the network edge) is preferred in order to satisfy the requirements of low latency and high reliability.
NOTE 4:     The arrival interval of compressed haptic data usually follow some statistical distributions, such as generalized Pareto distribution, and Exponential distribution [26].



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)

	
	End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Positioning accuracy

	Mobile Metaverse for immersive gaming and live shows
	[5~20] ms
	[1~1000] Mbit/s
	[>99.99%]
	[<1] m



[5.10.6-2] The 5G system shall meet the following KPI table [29, 41, 42]:
	
Profile
	Latency (msec)
	Max Allowable Jitter (msec)
	Average Data rate
	Reliability
	UE speed

	Immersive Interactive Mobile medical services over NPNs
	10msec -100msec
	< 2msec for tactile sensors
<50mssec for audio and video
	1 - 100Mbps
	99.9999% with fault tolerance.
	Pedestrian/Stationary


Table-5.10.6-1: Key Performance Indicator (KPI) for Metaverse HealthCare

Start of changes
8	Consolidated potential requirements and KPIs
8.1	Consolidated potential requirements
Editor's Note: All entries in this clause are provisional as they are based on the output of SA1#100. This must be updated with the results of SA1 101.
8.1.A	Localized Mobile Metaverse Service Functionality 
This clause consolidates requirements from clauses 5.1, 5.4 and 5.5.
Table 8.1.A-1 – Localized Mobile Metaverse Service Functionality Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR A.1]
	The 5GS shall enable third parties to make known the availability of application services (i.e. provided by Application Servers) associated with a precise location.
	[P.R.-5.1.6-1] The 5GS shall enable third parties to make known the availability of application services (i.e. provided by Application Servers) associated with a precise location. 
	

	[CPR-A.2]
	The 5G system shall provide suitable exposure mechanisms for mobile metaverse services (i.e. provided by mobile metaverse servers) associated with a precise location available in the user's proximity (e.g. within line of sight), such that the mobile metaverse services can conform to specific service constraints.
NOTE:	The term 'service constraints' implies that certain targets of service discovery are supported, e.g. to find 'restaurants.'
	[P.R.-5.1.6-2] The 5G system shall provide suitable exposure mechanisms for mobile metaverse services (i.e. provided by mobile metaverse servers) associated with a precise location available in the user's proximity (e.g. within line of sight), such that the mobile metaverse services can conform to specific service constraints.
NOTE:	The term 'service constraints' implies that certain targets of service discovery are supported, e.g. to find 'restaurants.'
	

	[CPR-A.3]
	Subject to operator policy, the 5G system shall provide suitable means to discover application mobile metaverse services (i.e. provided by mobile metaverse servers) associated with a precise location available in the user's proximity.

NOTE 1:	How the authorized third party identifies which three dimensional area to request spatial anchors in is not in scope of the 3GPP standard. Spatial localization and mapping information could be used to identify areas of interest. Generally the areas of interest are in the user's proximity.

	[P.R.-5.1.6-3] The 5G system shall provide suitable means to discover application mobile metaverse services (i.e. provided by mobile metaverse servers) associated with a precise location available in the user's proximity.

[PR-5.4.6-2]	Subject to operator policy, the 5G system shall enable an authorized third party to obtain all of the spatial anchors located in a given three dimensional area.
NOTE 1:	How the authorized third party identifies which three dimensional area to request spatial anchors in is not in scope of the 3GPP standard. Spatial localization and mapping information could be used to identify areas of interest.

	

	[CPR-A.4]
	Subject to operator policy, the 5G system shall enable an authorized third party to establish an association between a physical location (in three dimensional space, an orientation, etc.) and service information, where the service information is provided to the 5G system and the spatial anchor is either provided or determined by the 5G system.
	[PR-5.4.6-1]	Subject to operator policy, the 5G system shall enable an authorized third party to establish an association between a physical location (in three dimensional space, an orientation, etc.) and service information, where the service information is provided to the 5G system and the spatial anchor is either provided or determined by the 5G system.
	

	[CPR-A.5]
	Subject to operator policy, the 5G system shall enable a third party to request the service information associated with the precise location of a specific spatial anchor. Making use of this service and location information, the third party can access an application server to obtain AR media.
NOTE 2:	How the service and location information is used by the third party to access an application server and the AR media itself is out of scope of this requirement.
	[PR-5.4.6-3]	Subject to operator policy, the 5G system shall enable a third party to request the service information associated with the precise location of a specific spatial anchor. Making use of this service and location information, the third party can access an application server to obtain AR media.
NOTE 2:	How the service and location information is used by the third party to access an application server and the AR media itself is out of scope of this requirement.
	

	[CPR-A.6]
	Subject to operator policy, the 5G system shall provide an authorized third party a means to manage the spatial anchor(s), e.g. add, remove or modify spatial anchors, determine privacy and security aspects, and specifically to enable the third party to define which spatial anchors they manage have restricted access conditions.

	[PR-5.4.6-4]	Subject to operator policy, the 5G system shall provide an authorized third party a means to manage the spatial anchor(s), e.g. add, remove or modify spatial anchors, determine privacy and security aspects, and specifically to enable the third party to define which spatial anchors they manage have restricted access conditions.
	

	[CPR-A.9]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1:	The spatial map and derived localization information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	[PR5.5.6.1-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1:	The spatial map and derived localization information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	

	[CPR-A.10]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms for an authorized UE to provide sensor data that can be used to for Spatial Localization Service.
	[PR5.5.6.2-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms for an authorized UE to provide sensor data that can be used to for Spatial Localization Service.
	


8.1.B	Avatar Call Functionality
This clause consolidates requirements from clauses 5.3, 5.6, 5.9, 5.11.
Table 8.1.B-1 – Avatar Call Functionality Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR B.1]
	The 5G system shall enhance the interaction between IMS CN and 5G CN to allow 5G CN to provide the IMS CN with real-time feedback in support of conversational XR communication among multiple users simultaneously, including transfer of animated digital representation of users and audio media.. 
NOTE: 	The feedback can include information such as network condition, achieved QoS. Such information can be used by the IMS CN, for example, to trigger the codec negotiation.

	[PR 5.3.6.2-1] The 5G system shall enhance the interaction between IMS CN and 5G CN to allow 5G CN to provide the IMS CN with real-time feedback in support of XR communication among multiple users simultaneously. 
NOTE: 	The feedback can include information such as network condition, achieved QoS. Such information can be used by the IMS CN, for example, to trigger the codec negotiation.

[P.R. 5.11.6-1]	The IMS shall allow multimedia conversational communications between two or more users providing real time conversational transfer of animated user digital representation and speech data.
	

	[CPR B.2]
	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 5.6.6-1] 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.
	

	[CPR B.3]
	The 5G System shall support a mechanism to obtain the location and gestures of the players with stringent requirements on 3D positioning accuracy. 
	[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. 
	

	[CPR B.4]
	The 5G system shall provide a means to synchronize the incoming data streams of multiple (sensor and rendering) devices associated to different users at different locations.
	[PR 5.9.6.1] the 5G system shall provide a means to synchronize the incoming data streams of multiple (sensor and rendering) devices associated to different users at different locations.
	

	[CPR B.5]
	The 5G system shall provide a means to expose predicted network conditions, in particular, latency, between remote users.
	[PR 5.9.6.2] the 5G system shall provide a means to expose predicted network conditions, in particular, latency, between remote users.
	

	[CPR B.6]
	The 5G system shall provide a means to support the distribution, configuration, and execution of a predictive model associated to a remote user in a local service hosting environment.
	[PR 5.9.6.3] The 5G system shall provide a means to support the distribution, configuration, and execution of a predictive model associated to a remote user in a local service hosting environment.
	


8.1.C	XR service enablers for location agnostic service experience 
This clause consolidates requirements from 5.10 (all requirements have FFSs currently), 5.12.
Table 8.1.C-1 – Location Agnostic Service Experience Functionality Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR C.2]
	The 5G system shall provide a mechanism to support coordination and synchronization of multiple data flows transmitted via one UE or different UEs, e.g, subject to synchronization thresholds provided by 3rd party.
	[PR 5.12.6-1]	The 5G system shall provide a mechanism to support coordination and synchronization of multiple data flows transmitted via one UE or different UEs, e.g, subject to synchronization thresholds provided by 3rd party.
	what is a synchronization threshold? This should be added as a definition. Is the example really an example or is it required?

	[CPR C.3]
	the 5G system shall provide the means to achieve bounded round trip latency in order to achieve immersive location agnostic service experience [20ms].
	[PR 5.12.6-2]	The 5G system shall provide means to achieve low round-trip latency (e.g, [20ms]).

	what does the round trip latency refer to? Between the UE and an AS?


8.1.D	Coordination and operation of mobile metaverse services
This clause consolidates requirements from 5.7, 5.8, 5.14.
Table 8.1.D-1 – Coordination and operation of mobile metaverse services Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR D.1]
	Subject to operator policy, the 5G system shall support a means to provide high data rate communication with a UE such that power consumption can be reduced sufficiently.
NOTE: 	High data rate communication of media over an extended period of time requires significant power consumption by the UE. In some cases, a device with no external power supply cannot sustain downloading and rendering of media over a long interval, e.g. for the duration of an entire feature film or athletic event, etc.
	[PR 5.7.6-1]  Subject to operator policy, the 5G system shall support a means to provide high data rate communication with a UE such that power consumption can be reduced sufficiently.
NOTE:     High data rate communication of media over an extended period of time requires significant power consumption by the UE. In some cases, a device with no external power supply cannot sustain downloading and rendering of media over a long interval, e.g. for the duration of an entire feature film or athletic event, etc.
	

	[CPR D.2]
	Subject to operator policy, the 5G system shall support a mechanism that enable flexible adjustment of communication services, such that the services can be operated with reduced energy utilization.
	[PR 5.7.6-2]  Subject to operator policy, the 5G system shall support a mechanism that enable flexible adjustment of communication services, such that the services can be operated with reduced energy utilization.
	

	[CPR D.3]
	The 5G system shall provide the capability of coordination between different services to prevent poor user experience due to conflicting XR media.
	[PR 5.8.6-1] The 5G system shall provide the capability of coordination between different services to prevent poor user experience due to conflicting XR media.
	


8.1.E	Support for virtual entities in mobile metaverse services
This clause consolidates requirements from 5.2, 5.17.
Table 8.1.E-1 – Virtual entities in mobile metaverse services Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR E.1]
	The 5G system shall be able to authenticate a digital entity.
	[PR 5.17.6-1] The 5G system shall be able to authenticate a digital entity.
	

	[CPR E.2]
	The 5G system shall be able to consider service settings and parameters specific to a digital entity in a user’s subscription data, when delivering a service to the digital entity.
	[PR 5.17.6-2] The 5G system shall be able to consider service settings and parameters specific to a digital entity in a user’s subscription data, when delivering a service to the digital entity.
	


8.1.F	Security and Privacy aspects of mobile metaverse services
This clause consolidates requirements from 5.18, 5.19, aspects of 5.3, 5.4, 5.13, 5.14, 5.15, 5.16.
Table 8.1.F-1 – Security and Privacy aspects of mobile metaverse services Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR F.1]
	Subject to regulatory requirements, operator policies and user consent, the 5G system shall be able to support mechanisms to expose to a trusted third party (e.g. the conference focus) the result of authenticating a user identity to a UE.
NOTE: 	Authenticating a user identity to a UE at the terminal side is out of 3GPP scope.
	[PR 5.3.6.2-2] Subject to regulatory requirements, operator policies and user consent, the 5G system shall be able to support mechanisms to expose to a trusted third party (e.g. the conference focus) the result of authenticating a user identity to a UE.
NOTE: 	Authenticating a user identity to a UE at the terminal side is out of 3GPP scope. 
	

	[CPR F.2]
	The 5G system shall be able to collect charging information per UE or per application for the use of IMS based conferencing services.
	[PR 5.3.6.2-3] The 5G system shall be able to collect charging information per UE or per application for the use of IMS based conferencing services.
	

	[CPR F.3]
	Subject to operator policy, the 5G system shall provide an authorized third party a means to manage the spatial anchor(s), e.g. add, remove or modify spatial anchors, determine privacy and security aspects, and specifically to enable the third party to define which spatial anchors they manage have restricted access conditions.
	[PR-5.4.6-4]	Subject to operator policy, the 5G system shall provide an authorized third party a means to manage the spatial anchor(s), e.g. add, remove or modify spatial anchors, determine privacy and security aspects, and specifically to enable the third party to define which spatial anchors they manage have restricted access conditions.
	

	[CPR F.4]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1:	The spatial map and derived localization information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	[PR5.5.6.1-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1:	The spatial map and derived localization information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	

	[CPR F.5]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose Spatial Localization Service information to authorized third parties.
NOTE 2:	The Spatial Localization Service information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	[PR5.5.6.2-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose Spatial Localization Service information to authorized third parties.
NOTE 2:	The Spatial Localization Service information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	

	[CPR F.6]
	Subject to operator policy and national or regional regulation, the 5G system shall support identification of avatars associated with users, for mobile metaverse services.
	[PR 5.18.6-1] Subject to operator policy and national or regional regulation, the 5G system shall support identification of avatars associated with users, for mobile metaverse services.
	

	[CPR F.7]
	Subject to operator policy and national or regional regulation, the 5G system shall support different communication security mechanisms according to the security requirements of different services.
	[PR 5.18.6-2] Subject to operator policy and national or regional regulation, the 5G system shall support different communication security mechanisms according to the security requirements of different services.
	

	[CPR F.8]
	The 5GS shall provide suitable means and service support to properly store, transit, and manage all regulatory life-cycle requirements of relevant real-time or near-real-time user location, movement, and environmental data in compliance with existing privacy and security regulatory requirements and industry best practices.
	[5.19.6-1] The 5GS shall provide suitable means and service support to properly store, transit, and manage all regulatory life-cycle requirements of relevant real-time or near-real-time user location, movement, and environmental data in compliance with existing privacy and security regulatory requirements and industry best practices.
	

	[CPR F.9]
	The 5GS shall provide suitable guarantees that exposure of services associated with precise or approximate location in real time, near real time, or at an asynchronous rate will not allow third party services to access personally identifiable information outside of that agreed upon by the user.
	[5.19.6-2] The 5GS shall provide suitable guarantees that exposure of services associated with precise or approximate location in real time, near real time, or at an asynchronous rate will not allow third party services to access personally identifiable information outside of that agreed upon by the user. 
	

	[CPR F.10]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to authorize Spatial Localization Service.
	[PR5.5.6.2-1] Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to authorize Spatial Localization Service.
	

	[CPR F.11]
	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose Spatial Localization Service information to authorized third parties.
NOTE 2:	The Spatial Localization Service information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	[PR5.5.6.2-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose Spatial Localization Service information to authorized third parties.
NOTE 2:	The Spatial Localization Service information supports services that produce AR and MR media, e.g. as described in clause 5.1.
	


8.1.G	Digital Asset Management aspects of mobile metaverse services
Editor's Note:	The preliminary consolidation of clauses 5.13, 5.15 and 5.16 are considered in another pCR.
8.1.H	Charging requirements for mobile metaverse services
This clause consolidates requirements from aspects of 5.3, 5.16
Table 8.1.G-1 – Virtual entities in mobile metaverse services Consolidated Requirements
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	[CPR G.1]
	The 5G system shall be able to collect charging information per UE or per application for the use of IMS based conferencing services.
	[PR 5.3.6.2-3] The 5G system shall be able to collect charging information per UE or per application for the use of IMS based conferencing services.
	

	[CPR G.2]
	The 5G system shall be able to collect charging information per UE for managing (e.g. register, store and update) the digital assets for an end user (e.g. typically a human user with a certain subscription).
	[PR 5.16.6.2-3] The 5G system shall be able to collect charging information per UE for managing (e.g. register, store and update) the digital assets for an end user (e.g. typically a human user with a certain subscription).
	

	[CPR G.3]
	The 5G system shall be able to collect charging information per application for managing (e.g. register, store and update) the digital assets  for the third party (e.g. typically an enterprise customer having service level agreement with the operator).
	[PR 5.16.6.2-4] The 5G system shall be able to collect charging information per application for managing (e.g. register, store and update) the digital assets  for the third party (e.g. typically an enterprise customer having service level agreement with the operator).
	


8.2	Consolidated potential KPIs
Editor's Note: All entries in this clause are provisional as they are based on the output of SA1#100. This must be updated with the results of SA1 101.
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Area Traffic capacity
	Message Data Volume (bits)
	Frequency
(Hz)
	Service Area

	5G-enabled Traffic Flow Simulation and Situational Awareness
	 [5-20] ms (NOTE 1)

	[10~100 Mbit/s] [25][NOTE 6]

	> 99.9%
	[~39.6  Tbit/s/km2 ] 
(NOTE 5)
	Typical data:
Camera: 10M per sensor (unstructured)
LiDAR: 90M per sensor (unstructured)
Radar: 10M per sensor (unstructured)

Real-time Status information including Telemetry data:
[< 50K]  per sensor/vehicle/VRU
(structured)

(NOTE 2)
	10~50
(NOTE 3)
	City or Country wise
(NOTE 4)

	Collaborative and concurrent engineering
	[≤10] ms

Typical haptic data: [5] ms (NOTE 7)

	[1-100] Mbit/s
([14])
	[> 99.9%] ([14])

Typically for Haptic: [> 99.9%] (without compression)

Typically for Haptic: [> 99.999%] (with compression (NOTE 10))
[26]
	[3.804]  Tbit/s/km2  
(NOTE 8)
	Typical haptic data:
1 DoF: 2-8 
3 DoFs: 6-24 
6 DoFs: 12-48 

Video: 1500
Audio: 100

([14])
	Stationary or Pedestrian
	typically 
< 100 km2
(NOTE 9)

	Mobile Metaverse for immersive gaming and live shows [NOTE 11]
	[5~20] ms
	[1~1000] Mbit/s
	[>99.99%]
	-
	-
	-
	-

	Immersive Interactive Mobile medical services over NPNs [NOTE 12]
	10msec -100msec
	1 - 100Mbp
	99.9999% with fault tolerance
	-
	-
	-
	-

	NOTE 1:     The mobile metaverse server receives the data from various sensors, performs data processing, rendering and provide feedback to the vehicles and user s. The end-to-end latency refers to the transmission delay between a UE and the mobile metaverse server.  Exact value is FFS
NOTE 2:     To support at least 80 vehicles and 1600 users present at the same location (e.g. in an area of 40m*250m) to actively enjoy immersive metaverse services for traffic simulation and traffic awareness, the area traffic capacity is calculated considering 2 cameras, 2 Radars, 2 LiDARs on road side, 1600 user’s smart phones and 80 vehicles with 7 cameras, 4 radar and 2 LiDAR for each vehicle.  These application layer message data need to be segmented for network transport thus doesn’t mean packet size.  The real-time status information including telemetry data may be structured.
NOTE 3:     The frequency considers different sensor types such as Radar/LiDAR (10Hz) and Camera(10~50Hz).
NOTE 4:    	The service area for traffic flow simulation and situational awareness depends on the actual deployment, for example, it can be deployed for a city or a district within a city or even countrywide.  In some cases a local approach (e.g. the application servers are hosted at the network edge) is preferred in order to satisfy the requirements of low latency and high reliability.
NOTE 5:     The calculation is this table is done per one 5G network, in case of N 5G networks to be involved for such use case in the same area, this value can be divided by N.  Exact value is FFS.
NOTE 6:     User experienced data rate refers to the data rate needed for the vehicle or human,  the value is observed from industrial practice and exact value are FFS. 
NOTE 7:     The network based conference focus is assumed, which receives data from all the participants, performs rendering (image synthesis), and then distributes the results to all participants. The latency refers to the transmission delay between a UE and the application server.
NOTE 8:     To support at least 15 users present at the same location (e.g. in an area of 20m*20m) to actively enjoy immersive Metaverse service concurrently, the area traffic capacity is calculated considering per user consuming non-haptic XR media (e.g. for video per stream up to 40000 kbit/s) and concurrently 60 haptic sensors (per haptic sensor generates data up to 1024 kbit/s).
NOTE 9:    	In practice, the service area depends on the actual deployment. In some cases a local approach (e.g. the application servers are hosted at the network edge) is preferred in order to satisfy the requirements of low latency and high reliability.
NOTE 10:    The arrival interval of compressed haptic data usually follow some statistical distributions, such as generalized Pareto distribution, and Exponential distribution [26].
NOTE 11     Positioning accuracy [<1m]
NOTE 12     Max allowable jitter = < 2msec for tactile sensors, <50mssec for audio and video. UE speed = stationary, pedestrian.
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