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Introduction
[bookmark: _Hlk510705081]RAN#91 approved a revised SID on XR Evaluations for NR [1]:
	4.1	Objective of SI or Core part WI or Testing part WI
The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
1. 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.
1. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
1. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 
 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 



In this contribution we present our views on traffic models for various XR and CG applications.
Traffic Models
During RAN1-103-e meeting, five different applications of interest were agreed:
· VR1: Viewport-dependent streaming.
· VR2: Split Rendering: Viewport rendering with Time Warp in device.
· AR1: XR Distributed Computing.
· AR2: XR Conversational.
· CG: Cloud Gaming.
Furthermore, during RAN1 104-e and 104b-e meetings, it was agreed to adopt a parametrized statistical traffic model for the evaluation of the above-mentioned applications and almost all important parameters were defined. 
Below, we provide a summary of all the baseline and optional parameters for the baseline traffic model as well as the combinations of the streams agreed. Most of the agreed parameters are based on the input from SA4 [2].

Summary of the parameters for the baseline traffic model

In this section, we summarize the parameters agreed for the UL and DL traffic models for VR, AR, and CG. Particularly, in Table 1, all DL traffic model parameters are introduced. Following the agreements, the DL video stream for all applications of interest is a single stream with all main parameters being finalized and agreed. 

Table 1 – Parameters for the DL video stream for VR, AR, and CG.
	DL video stream
	VR
	AR
	CG

	Packet
	A packet is assumed to represent multiple IP packets corresponding to a single video frame for modelling/evaluation purposes

	Packet size
	Truncated Gaussian distribution with parameters: 
· Mean = fps / Av. Data rate/8 [bytes]
· STD: 10.5% of mean
· Max size: 150% of mean
· Min size: 50% of mean

Other values that can be used for evaluation: 
[STD, Max, Min] = [4, 112, 88] % of mean for single eye buffer 
[STD, Max, Min] = [3, 109, 91] % of mean for dual eye buffer

	Arrival time of packet k
	k/X*1000 [ms] + J [ms], 
where X is the fps value and J is a random variable jitter

	Jitter
	Truncated Gaussian distribution with parameters: 
· mean: 0 ms
· STD: 2 ms 
· min and max values: [-4, 4] ms – baseline
· min and max values: [-5, 5] ms – optional
· Other values can be optionally evaluated

	Frame per second (fps)
	60 fps – baseline
120 fps – optional
Other values, e.g., 30, 90 fps can be also optionally evaluated

	Av. Data rate
	30, 45 Mbps @60fps - baseline
60 Mbps @60fps – optional
Other values (in combination with fps) can be also optionally evaluated.
	8, 30 Mbps @60fps -  baseline
45 Mbps @60fps – optional
Other values (in combination with fps) can be also optionally evaluated.

	Packet delay budget (PDB)
	10 ms
Other values, e.g., 5ms, 20 ms can be optionally evaluated
	15 ms
Other values, e.g., 10ms, 30ms can be optionally evaluated










Further, in Table 2, we provide the parameters for the UL pose/control stream agreed for the VR, AR, and CG.


Table 2 – Parameters for the UL pose/control stream for VR, AR, and CG.
	UL pose/control stream
	VR
	CG
	AR

	Packet size
	Fixed: 100 bytes

	Arrival time of packet k
	Periodic: 4 ms (no jitter)
Other values can be optionally evaluated

	Packet delay budget (PDB)
	10 ms





We continue with a summary of the agreed parameters for the UL video stream for AR applications provided in Table 3.

Table 3 – Parameters for the UL video stream for AR.
	UL video stream
	AR

	Packet size
	Truncated Gaussian distribution with the parameter values same as for the DL video stream (see Table 1)

	Arrival time of packet k
	k/X*1000 [ms] 
k/X*1000 [ms] + J [ms] – optional jitter
where X is the fps value and J is a random variable jitter

	Jitter (optional)
	same model as for the DL video stream (see Table 1)

	Frame per second (fps)
	60 fps – baseline


	Av. Data rate
	10 Mbps @60fps – baseline
20 Mbps @60fps – optional

	Packet delay budget (PDB)
	[ffs: 60] ms – baseline
[ffs: 10/15] ms – optional



Observation 1: Table 1, 2, and 3 are the summary of the main parameters agreed for the DL and UL baseline traffic models and employed for the evaluation purposes.

Combinations of streams in UL and DL for AR, VR, and CG

In this section, we present the combinations of different streams in UL and DL for VR, AR, CG agreed as mandatory and optional for the evaluation purposes.

In Table 4, we present the agreed baseline streams in DL and UL employed for the evaluation of the VR, AR, and CG.




Table 4 – Mandatory streams in DL and UL for VR, AR, and CG.
	
	CG
	VR
	AR

	Downlink
	Single video stream (with parameters in Table 1)

	Uplink
	Single pose/control stream (with parameters in Table 2)
	1) Two streams (for power and capacity KPIs):
· Stream 1: video (with parameters in Table 3)
· Stream 2: pose/control (with parameters in Table 2)

OR (only for capacity KPIs)

2) Single video stream (with parameters in Table 3) 



In addition to the mandatory streams as per Table 4, we further present the optional streams that can be used in evaluation of VR, AR, and CG given in Table 5.

Table 5 – Optional streams in DL and UL for VR, AR, and CG.
	
	CG
	VR
	AR

	Downlink
	Two-stream model (Optional):
· Option 1: I-frame + P-frame
· Option 1A: slice-based traffic model
· Option 1B: Group-Of-Picture (GOP) based traffic model
· Option 2: video + audio/data 
· Option 3: FOV + omnidirectional stream
NOTE: Companies to report detailed parameters
NOTE: Companies strive to unify their parameters

	Uplink
	
	Option 1 (Optional): Three streams as defined below 
· Stream 1: pose/control
· Stream 2: A stream aggregating streams of scene and video
· Stream 3: A stream aggregating streams of audio and data
Option 2 (Optional): Three streams as defined below 
· Stream 1: pose/control
· Stream 2: I-stream for video 
· Stream 3: P-stream for video



Observation 2: Table 4 is the summary of the mandatory streams to be used for evaluation of VR, AR, and CG. Table 5 shows the optional streams that can be also modelled when evaluating VR, AR, and CG applications.


Conclusion
In this contribution, we summarize the traffic models to be used for evaluating the performance of XR and CG applications on NR. We make the following observations for the traffic models:
Observation 1: Table 1, 2, and 3 are the summary of the main parameters agreed for the DL and UL baseline traffic models and employed for the evaluation purposes.
Observation 2: Table 4 is the summary of the mandatory streams to be used for evaluation of VR, AR, and CG. Table 5 shows the optional streams that can be also modelled when evaluating VR, AR, and CG applications.
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