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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 past RAN1 meetings, there were some discussions on the typical XR/CG applications and the traffic models. In this contribution, we will further discuss the traffic characteristic of some XR/CG services and provide our views on the traffic models.
Discussion
Video frame packet size: independent vs. correlated
For single video stream, RAN1 made following agreements for the traffic modeling:  
	· Statistical traffic model for a single DL video stream for a single UE
· The statistical traffic model for a single UE for a single DL video stream in Figure 1 is adopted, where a packet is assumed to represent multiple IP packets corresponding to a single video frame for modelling/evaluation purposes, e.g., traffic arrival, packet size, evaluation of latency and reliability. 
[image: cid:image001.png@01D6FA28.D09D3D90]
· Frame per second (fps) for DL video stream for a single UE
· 60 fps (baseline)
· 120 fps (optional)
· Other values, e.g., 30, 90 fps can be also optionally evaluated. 
· Average data rate for DL video stream:
· VR/AR: 30, 45 Mbps @60fps (baseline) 
· 60 Mbps @60fps (optional)
· Note: this is the aggregated data rate when applicable
· CG: 8, 30 Mbps @60fps (baseline)
· 45 Mbps @60fps (optional)
· Other values (in combination with fps) can be also optionally evaluated. 
· Truncated Gaussian distribution is used for the packet size distribution of video stream for AR/VR/CG.
· Other distribution is not precluded.
· Parameters of Truncated Gaussian distribution for Packet size (note: these parameter values are those before the truncation) 
· Mean: Derived from average data rate and fps as follows. 
· (average data rate) / (fps for video stream, i.e., # packets per second in our statistical model) / 8 [bytes]
· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· ……


According to the definition of mean packet size, which equals to “(average data rate) / (fps for video stream, i.e., # packets per second in our statistical model) / 8” in byte, one packet whose size is truncated Gaussian distribution corresponds to one video frame. So far there is no RAN1 agreement describing the correlation property among video frames or packets; however, it is well recognized that the correlation exists between adjacent video frames, which also suggests certain correlation upon frame packet size. The modeling of correlation among video frames was well summarized in [2], mainly including the autoregressive modeling, Markov-process modeling, self-similar modeling and wavelet-based modeling. Given RAN1 already agreed to assume the frame packet size constantly follows a given distribution (i.e., truncated Gaussian with pre-determined mean and std), we prefer to have a modeling of frame packet size correlation that is, on the other hand, simple enough to be easily integrated into the existing traffic model. For this purpose, we propose to consider a first-order autoregressive modeling, where the packet size of (n+1)-th video frame is correlated to the packet size of n-th video frame. Note that such first-order correlation can be also considered as a Markov-chain property. The modeling details are given below. 
Packet size modeling outputs:
· {}: representing the generated packet sizes over the time, where each  follows an identical truncated Gaussian distribution. 
Packet size modeling parameter inputs: 
· {,}: respectively denote the minimum value and maximum value for the truncated Gaussian distribution, i.e.,  for all i.
· {µ,σ}: respectively denote the mean and standard deviation of the parent Gaussian distribution that is truncated. If {,} denote the mean and standard deviation for the (doubly) truncated Gaussian sample space {}, the relations between {µ,σ} and {,} are given by [3] (p35)
 ; , where
, , , 
· ρ: denote the correlation coefficient between any pair of adjacent packet sizes in sample space {}, i.e., .
Packet size modeling procedure:
· The procedure maintains an independent Gaussian random number generator X ~ N(µ,σ). 
· Step-1: Repeatedly generate a random number x from generator X until  . Assign , . Set n=1. 
· Step-2: Generate a random number x from generator X. Assign  and . If , increment n (i.e., sample-rejection method: the  not satisfying  is rejected).
· Step-3: Loop back to Step-2. 
Packet size modeling verification: 
Strictly speaking, if  is a doubly truncated Gaussian, , which is a weighted sum of a Gaussian random variable and a truncated Gaussian random variable, may not exhibit exactly the same truncated Gaussian probability density distribution as the one for . Meanwhile, given both  and  have value range restriction, the random variable   may have range restriction as well and therefore leave a bit away from standard Gaussian discussion. However, according to RAN1 agreement,  and , the Gaussian distribution range that is truncated away only occupies a small portion of the whole sample space. Therefore,   could be still approximated as zero-mean Gaussian. From an approximation point of view, given  and {x} come from Gaussian random variable generator, the following  should not be deviating from truncated Gaussian property too much. This is proven by the comparisons in Figure 1 and Figure 2, between the density function based on simulated sample space {} of 104 samples and the theoretical truncated Gaussian density function . 
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[bookmark: _Ref79364304]Figure 1 probability distributions for <min,max>=<0.5,1.5>*mean and different correlation coefficients (rho)
[image: fig.png]
[bookmark: _Ref79367989]Figure 2 probability distributions for <min,max>=<0.75,1.25>*mean and different correlation coefficients (rho)
Table 1 accuracy of correlation coefficient
	Value of ρ used to calculate  from 
	0.1
	0.3
	0.5
	0.7

	
	<min,max>=<0.5,1.5>*mean
	0.095
	0.294
	0.505
	0.710

	
	<min,max>=<0.75,1.25>*mean
	0.090
	0.279
	0.468
	0.670


The autoregressive modeling of higher than first-order, which pursues to follow the two given correlation coefficients,  and , respectively for pairs of <,> and <,>, could be more complex, while the benefit by modeling beyond first-order is limited. So the first-order autoregressive modeling is a good balance between modeling of reality and modeling complexity.    
Proposal 1: To model packet size correlation by using first-order autoregressive modeling. 
Two-stream DL model (Option 2): video + audio/data
It is fairly reasonable to expect that at least certain potential XR service traffic may not be video-only. In fact, given the interest here is about traffic generation and its stochastic characteristics, it is our understanding that the Option-1 (I-frame + P-frame) and Option-2 (video + audio/data) are fundamentally different, because the two streams in Option-1 still eventually comes from the single video traffic source, while the two streams in Option-2, with its two or three different traffic types, offers more comprehensive modeling of the XR service in practice. Therefore, we believe the mixed traffic model, such as Option-2 (video + audio/data), is at least as important as the single type traffic modeling, which should be sufficiently motivate RAN1 to agree a set of evaluation assumptions for the Option-2, rather than to leave parameter choices to each company and to potentially lose the comparability of evaluation results among companies. The corresponding evaluation assumption proposed in [4] could be a good starting point for RAN1 discussion.   
Proposal 2: RAN1 should agree upon the evaluation assumptions for two-stream traffic modeling in Option-2 (video + audio/data).     
Conclusion
This contribution concludes with the following proposals:   
Proposal 1: To model packet size correlation by using first-order autoregressive modeling, as described below.
	Packet size modeling outputs:
· {}: representing the generated packet sizes over the time, where each  follows an identical truncated Gaussian distribution. 
Packet size modeling parameter inputs: 
· {,}: respectively denote the minimum value and maximum value for the truncated Gaussian distribution, i.e.,  for all i.
· {µ,σ}: respectively denote the mean and standard deviation of the parent Gaussian distribution that is truncated. If {,} denote the mean and standard deviation for the (doubly) truncated Gaussian sample space {}, the relations between {µ,σ} and {,} are given by [3] (p35)
 ,        
where , , , 
· ρ: denote the correlation coefficient between any pair of adjacent packet sizes in sample space {}, i.e., .
Packet size modeling procedure:
· The procedure maintains an independent Gaussian random number generator X ~ N(µ,σ). 
· Step-1: Repeatedly generate a random number x from generator X until  . Assign , . Set n=1. 
· Step-2: Generate a random number x from generator X. Assign  and . If , increment n (i.e., sample-rejection method: the  not satisfying  is rejected).
· Step-3: Loop back to Step-2. 


Proposal 2: RAN1 should agree upon the evaluation assumptions for two-stream traffic modeling in Option-2 (video + audio/data).       
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