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Introduction
[bookmark: _Hlk30969022]A study item of eXtended Reality (XR) and cloud game (CG) evaluations for NR was approved in RAN#88e with the following objectives [1]:
	1. [bookmark: _Hlk30969040]Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 


To be specific, there are four typical applications suggested as the starting points for this study [1]:
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
In RAN1#103e meeting, there were some discussions on the typical XR/CG applications and the traffic models. Some relevant agreements were achieved as below [2]
	Agreement: XR applications
RAN1 confirms that diverse applications of VR1/2, AR1/2, (XR conference FFS), CG are of interest for study. Potential prioritization/down selection of these applications for evaluation is to be discussed after detailed traffic models and relevant evaluation assumptions are stable.
· FFS: other applications, e.g., XR conferencing

Agreement: Traffic model
Traffic model for DL and UL should reflect various aspects, e.g., various bit rates, variable frame/packet (definition of frame/packet to be clarified with traffic model as necessary) size, and periodicity (how to model jitter is FFS).  RAN1 will strive to conclude on detailed traffic models in the next RAN1 meeting (104-e) where SA4 outcome on traffic model is expected to be available.
· Statistical model is preferred.
· It is preferred traffic model for both UL and DL have a certain degree of variability so thatand the total number of traffic models can be reduced. 
· Note: Taking into account the fact that the decision on traffic models may hold many other crucial decisions, discussion on traffic model in the next RAN1 meeting is prioritized from the beginning.  


Traffic model of typical XR/CG services are the basic input for the evaluation of XR/CG in NR systems. Thus, in this contribution, we will discuss the traffic characteristic of some XR/CG services and provide our views on the traffic models.
Discussion
Based on the outcome of XR/CG work in other groups (e.g., SA4) [3][4][5], we note there are too many configurations of XR/CG services. From our understanding, it is difficult for RAN1 to evaluate all the recommended configurations due to the huge workload. Thus, RAN1 should try to determine a limited number of traffic models based on the current 3GPP work on XR/CG and other groups’ inputs. In the following sections, we will discuss the key aspects of the traffic models that are suitable for RAN1 evaluation and provide our preference from these aspects.  
As stated in the WID [1], five applications are considered as the starting point for this study. There were some discussions on the potential prioritization of these applications for evaluation. Among the five applications, the cloud game is more mature and is expected by the market to be the first booming application as there are many companies developing, testing and deploying the cloud games. Moreover, the business model of cloud game is clear and it would be widely acceptable by the customers and providers once the technical issues are dealt with. Thus, the CG application should be given the first priority than others. Compared to virtual reality, the industry usually believe augmented reality will be more popular in the future and then it will have a better chance from the perspective of the market. Therefore, we suggest that XR should have higher priority than VR.  In summary, we have the following proposal:
Proposal 1: If RAN1 decides to make prioritization among the XR/CG applications, we suggest the following priority for different applications:
· Cloud game > XR > VR 
TR 26.928 collects information on XR in the context of 5G radio and network services, where use cases and device types are classified, and processing and media centric architectures are introduced.  Based on the study, some initial traffic characteristics for different XR architectures were given in TR 26.928 as below [3]
Table 1: Initial Traffic Characteristics for different architectures [3]
	 Architecture
	DL Rate range
	UL Rate range
	DL PDB
	UL PDB
	RTT 
	DL PER range
	UL PER range
	Traffic periodicity range
	Traffic file size distribution

	Viewport independent streaming
	100 MBPs
	HTTP requests every second. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport dependent streaming 
	25 MBPs
	More frequent HTTP requests every 100ms. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport Rendering in Network case 1
	 100 MBit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Viewport Rendering in Network case 2
	 1 GBit/s
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS

	Viewport Rendering in Network case 3
	10 Gbit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Raster-based Split Rendering with Pose Correction
	100 Mbit/s
	500 kbit/s
	20ms
	10ms
	50ms
	FFS
	FFS
	Almost constant
	FFS

	Generalized Split Rendering
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Distributed Computing
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conversational
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conferencing

Details are FFS
	3Mbit/s up to 50Mbit/s per user
	3Mbit/s up to 50Mbit/s
	Allowing real time communication
	Allowing real time communication
	Allowing real time communication
	FFS
	FFS
	almost constant (with peek during start-up)
	> 50Mb at the beginning, depending on media consumption no or almost constant 


Based on Table 1, the traffic periodicity of the typical applications to be studied in RAN1 are almost constant. Therefore, in RAN1, we can consider the traffic of XR/CG as periodic traffic. SA4 made the following observations on the traffic model of XR and cloud gaming [4]:
	[bookmark: _Ref54280499][bookmark: _Ref47732473][bookmark: _Hlk53481603]Observation 1: For XR and Cloud Gaming, the following two traffic source types can be considered for evaluation, assuming frame rate is X FPS.
· Traffic source type 1: every 1/X s, the packets of both eyes arrive at the same time for each frame. 
· Traffic source type 2: every 1/(2*X) s, the packets of left eye and right eye arrive in turn, e.g. the packet of left eye arrives at odd frames, while the packet of right eye arrives at even frames.


The traffic source type 1 is used to address the case where packets of both eyes arrive at the same time for each frame, whereas type 2 is for the case of that the packets of left eye and right eye arrive alternatively. These two different approaches are both typical for XR/CG development and may be used in different applications or be dynamically indicated in one application. Therefore, for RAN1 evaluation, we can reuse the conclusion of SA4 to model the arrival of data with two different types. Regarding the value of X FPS, we suggest to support at least 60 and 120 since 60 FPS is the mainstream of the current commercial UEs and 120 FPS will be the typical configuration of flagship and represents the tendency of the advanced media service in the near future. 
Proposal 2: For XR/CG evaluation, the data arrival is assumed as periodic and the periodicity can be two different options (X FPS is the frame rate):
· Option 1: Periodicity is 1/X s
· Option 2: Periodicity is 1/2X s
· X = 60, 120 
From perspective of RAN1, the only difference between Option 1 and Option 2 is the data rate. The date rate of Option 1 is twice of that of Option 2. Thus, different options will lead to different traffic load for the evaluated cells. However, it is very difficult for us to predict the ratio of the services with periodicity of 1/X and periodicity of 1/2X.  In order to evaluate the system capacity, we can consider the upper bound with all XR/CG service with periodicity 1/2X and the lower bound with all XR/CG services with periodicity of 1/X.
Proposal 3: For XR/CG evaluation, 
· All XR/CG services with periodicity 1/2X are used for an upper bound of system capacity.
· All XR/CG services with periodicity 1/X are used for a lower bound of system capacity.
· XR/CG services with mixed options (i.e., periodicity of 1/2X and periodicity of 1/X) are not used in one simulation

SA4 made the following conclusion on two options for the packet modeling [4]: 
	[bookmark: _Ref54280500][bookmark: _Ref47732475]Observation 2: For XR and Cloud Gaming, following options for packet modelling can be considered,
· Option 1: an application level packet is modelled as a packet during simulation, i.e. one frame consisting of one or more IP level packets ≈ one packet in simulation. 
· Option 2: an IP level packet is modelled as a packet during simulation, i.e. one IP level packet ≈ one packet in simulation.


SA4 also observed a similar distribution for Option 2 with that for Option 1 [4]. From the perspective of RAN1 simulation, we don’t simulate the segmentation of IP level packets from video frames. Thus, we suggest to adopt Option 1 for RAN1 evaluation.
Proposal 4: Regarding the packet modelling for XR/CG, an application level packet is modelled as a packet during RAN1 simulation. 
An LS from SA4 [5] provided the initial information for VR1, VR2, AR2 and CG. Through the detailed inputs from SA4, we can see the typical data rates as below:
	
	DL
	UL

	VR1
	Per tiled streaming: (0.71~1.43) * 1.5 Mbps 
FoV Area streaming: (0.71~1.43) * 18*1.5 Mbps
Low-resolution 4K omnidirectional streaming: (6~8) * 1.5 Mbps
	
	

	VR2
	45 Mbps
(buffer sent at same time)
	22.5 Mbps
(buffer set interleaved)
	300 Kbps

	AR2
	Video: 45 Mbps (buffer sent at same time)
Audio: TBD (256/512 kbps for media bitrate)
Data stream: TBD (< 0.5 Mbps for media bitrate)

	Video: 22.5 Mbps
(buffer set interleaved)
Audio: TBD (256/512 kbps for media bitrate)
Data stream: TBD (< 0.5 Mbps for media bitrate)
	300 Kbps

	CG
	45 Mbps
(1080P FHD)
	12 Mbps
(4K UHD)
	


Note: The date rate is 1.5 times of the media bitrate.
From the above summary based on SA4 LS, we can see that the typical DL data rates are: 45Mbps, 22.5Mbps, 12Mbps. The data rates for VR2/AR2/CG are derived with the assumption of 60fps. As we proposed in Proposal 2, 120fps should also be included for RAN1 evaluation. Since 120 fps will lead to about twice of the data rate corresponding to 60fps, the typical DL data rates for 120fps can be 90Mbps, 45Mbps, 24Mbps.  By considering the union of the typical DL data rates for 120 fps and 60 fps, we have the following proposal:
Proposal 5: For VR2/AR2/CG evaluations, consider the following typical DL rates
· 90Mbps
· 45Mbps
· 24Mbps
· 12Mbps. 
Meanwhile, we can see that the UL data rate for VR2/AR2/CG is very small compared to the DL counterpart. Thus, it is expected that the main bottleneck for these services in NR systems is the DL traffic rather than the UL traffic. Therefore, evaluation on only DL traffic is sufficient for RAN1 to investigate the support of VR2/AR2/CG in NR. 
Proposal 6: For VR2/AR2/CG evaluations, RAN1 doesn’t need to consider the UL traffic and only evaluate the DL traffic in the NR system. 
In SA4 LS [5], regarding the data rate, there are at least two different window settings to ensure the data rate within a specific duration:
1. Setting 1: window 200ms
2. Setting 2: window 1 frame
From RAN1 perspective, there seems no much benefit to model the traffic for a given data rate with a specific window setting. In order to avoid the unnecessary workload, we prefer to generate the traffic for a given data rate without considering the window setting. 
Proposal 7: For RAN1 evaluation of VR2/AR2/CG, the traffic is generated for a given data rate with the infinite window, i.e., the given data rate is considered as an average date.
Regarding the packet size, [5] doesn’t provide the distribution of packet sizes. Gaussian distribution or truncated Gaussian distribution are popular modeling approaches for the packet size. Based on the observation of XR video traces and different game platforms, [6] and [7] proposed to use truncated Gaussian distribution to simplify the modeling of packet size distribution. We also support the modeling of truncated Gaussian distribution for packet size. 
Proposal 8: For RAN1 evaluation of VR2/AR2/CG, use the truncated Gaussian distribution to model the packet size.
XR/CG services involve various aspects, including trace generation, content encoding, transmission of left and right eye buffer and so on. Many of them are beyond the expertise of RAN1 delegates. Much information in SA4 LS [6] are ambiguous and difficult for many RAN1 experts to understand them. In order to improve the efficiency of cross-WG coordination, we propose that RAN1 shall send a LS to SA4 and asks for the specific question/values for XR/CG traffic.
Proposal 9: RAN1 sends a LS to SA4 to provide a set of parameters for traffic models and ask for the corresponding values for each parameter, e.g.,
	Parameters
	Model 1
	Model 2
	…

	DL
	Data rate for RAN 
	
	
	

	
	Packet size distribution and the value(s) of associated parameter(s)
	
	
	

	
	Packet arrival rate (periodicity)
	
	
	

	
	Jitter distribution and the value(s) of associated parameter(s)
	
	
	

	
	…
	
	
	

	UL
	Data rate for RAN 
	
	
	

	
	Packet size distribution and the value(s) of associated parameter(s)
	
	
	

	
	Packet arrival rate (periodicity)
	
	
	

	
	Jitter distribution and the value(s) of associated parameter(s)
	
	
	

	
	…
	
	
	




Conclusion
In this contribution, we discuss traffic characteristic of XR/CG services provided by other working groups. With this background information, we proceed to discuss various aspects of traffic modeling of XR/CG from the perspective of RAN1 evaluation. Based on the discussions, we have the following proposals:   
Proposal 1: If RAN1 decides to make prioritization among the XR/CG applications, we suggest the following priority for different applications:
· Cloud game > XR > VR 
Proposal 2: For XR/CG evaluation, the data arrival is assumed as periodic and the periodicity can be two different options (X FPS is the frame rate):
· Option 1: Periodicity is 1/X s
· Option 2: Periodicity is 1/2X s
· X = 60, 120 
Proposal 3: For XR/CG evaluation, 
· All XR/CG services with periodicity 1/2X are used for an upper bound of system capacity.
· All XR/CG services with periodicity 1/X are used for a lower bound of system capacity.
· XR/CG services with mixed options (i.e., periodicity of 1/2X and periodicity of 1/X) are not used in one simulation
Proposal 4: Regarding the packet modelling for XR/CG, an application level packet is modelled as a packet during RAN1 simulation. 
Proposal 5: For VR2/AR2/CG evaluations, consider the following typical DL rates
· 90Mbps
· 45Mbps
· 24Mbps
· 12Mbps. 
Proposal 6: For VR2/AR2/CG evaluations, RAN1 doesn’t need to consider the UL traffic and only evaluate the DL traffic in the NR system. 
Proposal 7: For RAN1 evaluation of VR2/AR2/CG, the traffic is generated for a given data rate with the infinite window, i.e., the given data rate is considered as an average date.
Proposal 8: For RAN1 evaluation of VR2/AR2/CG, use the truncated Gaussian distribution to model the packet size.
Proposal 9: RAN1 sends a LS to SA4 to provide a set of parameters for traffic models and ask for the corresponding values for each parameter, e.g.,
	Parameters
	Model 1
	Model 2
	…

	DL
	Data rate for RAN 
	
	
	

	
	Packet size distribution and the value(s) of associated parameter(s)
	
	
	

	
	Packet arrival rate (periodicity)
	
	
	

	
	Jitter distribution and the value(s) of associated parameter(s)
	
	
	

	
	…
	
	
	

	UL
	Data rate for RAN 
	
	
	

	
	Packet size distribution and the value(s) of associated parameter(s)
	
	
	

	
	Packet arrival rate (periodicity)
	
	
	

	
	Jitter distribution and the value(s) of associated parameter(s)
	
	
	

	
	…
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