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Introduction
It was agreed in RAN1#104e [1] that Truncated Gaussian distribution can be used for modeling the packet size and the jitter of the DL video stream for AR/VR/CG. Since the time limitation, the detailed parameters (e.g., mean, STD, etc.), distributions, etc., would to be further analyzed based on SA4 input, e.g., V/S/P traces in RAN1#104bis. 
	Agreements: RAN1 adopts a parameterized statistical traffic model for evaluation of XR and CG, and KPI with details as shown below (RAN1 strives to agree on the remaining details during RAN1 #104e, based on SA4 input):
· There are M1 and M2 streams in DL and UL respectively
· At least adopt the case where M1=1 & M2=1
· FFS the values of M1 and M2, including the possibility of being application-dependent
· DL 
· Bitrate for video streaming
· VR/AR: [60 Mbps (mandatory), 30 Mbps (optional)]
· CG: [30 Mbps (mandatory), 45 Mbps (optional)]
· FFS: other optional values 
· Air interface Packet Delay budget (PDB) 
· Air interface delay is measured from the point when a packet arrives at gNB to the point when it is successfully delivered to UE
· Air interface PDB for video streaming
· VR/AR: [10ms (mandatory), 20ms (optional)]
· CG: [15ms (mandatory), 30ms (optional)]
· FFS: other optional values 
· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 
· FFS: Packet size, including the possibility of varying packet sizes
· FFS: Packet Inter arrival time including the possibility of modeling jitter 
· UL
· FFS: Bitrate
· FFS: Air interface Packet Delay budget (PDB)
· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 
· FFS: Packet size
· Per UE KPI
· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. The exact value of X is FFS.
· FFS: In addition to the baseline, the following additional method is FFS
· When determining a XR/CG user is satisfied or not, the following factors are considered. FFS how to use those factors.  
· Packet loss information
· Packet delay information
· Some XR/CG source related information if they can be available within RAN, e.g. the mapping between packet and slices or frames and the packet importance
· Multiple data streams traffic model
· FFS if there are multiple streams (if adopted)
· FFS additional aspects not addressed above.
· Note 1: Companies are encouraged to provide details such as parameters (e.g., mean, STD, etc.), distributions, etc., by analyzing SA4 input, e.g., V/S/P traces
· Note 2: All FFS points above are to be further discussed in RAN1 #104e

Agreements
· 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. 
· 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.
· (Working assumption) 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
· TBD
· Max packet size
· TBD
· Min packet size
· TBD
· FFS whether or not to use this parameter
· Per UE KPI 
· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. 
· The exact value of X is FFS, e.g., 99, 95 
· FFS different values for I-frame and P-frame if evaluation of them is agreed. 
· Other values can be optionally evaluated
· DL traffic model: video stream 
· [bookmark: OLE_LINK794][bookmark: OLE_LINK795](Working assumption) 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 
· [15% of Mean packet size derived above]
· Note: The above value is an example for further investigation, and is to be revisited potentially with more inputs from companies in RAN1#104-bis-e
· Max packet size 
· [1.5 x Mean packet size derived above]
· Note: The above value is an example for further investigation, and is to be revisited potentially with more inputs from companies in RAN1#104-bis-e
· Min packet size 
· TBD
· FFS whether or not to use this parameter
· Note: This is to be revisited potentially with more inputs from companies in RAN1#104-bis-e.
· Jitter for DL video stream for a single UE
· (Already agreed) Per the agreed statistical traffic model, arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given fps value and J is a random variable. 
· (Newly proposed agreement) J is drawn from a truncated Gaussian distribution:
· Mean: [0]
· STD: [2 ms]
· Range: [[-4, 4]ms]
· Note: The values ensure that packet arrivals are in order (i.e., arrival time of a next packet is always larger than that of the previous packet)
· Note: The above values for mean, STD and Range are working assumption for initial simulations, and is to be revisited potentially with more inputs from companies in RAN1#104-bis-e

· Air interface PDB for DL video stream 
· VR/AR: 
· 10ms 
· Other values, e.g., 5ms, 20 ms can be optionally evaluated. 
· CG: 
· 15ms
· Other values, e.g., 10ms, 30ms can be optionally evaluated. 
· FFS whether or not to have more than one mandatory value

Working assumption: On UL Traffic model and QoS parameters
· CG/VR: single stream (pose/control)
· Traffic model for Pose/control 
· Periodic: 4ms (no jitter) 
· Other values can be optionally evaluated. 
· Fixed: 100 bytes (SA4 input)
· PDB: 10 ms
· AR 
· FFS 
Agreements: On evaluation of multiple streams/flows:
· FFS the following in RAN1#104-bis-e 
· Whether/how to model and evaluate I-frame and P-frame for both DL and UL, e.g., separate definition of fps, packet size, QoS requirements (e.g., PER, PDB), etc.
· Whether/how to separately model and evaluate two streams of video and audio/data for both DL and UL
· Whether/how to model and evaluate FOV (high-resolution) and non-FOV (lower-resolution omnidirectional) streams, e.g., separate definition of fps, packet size, QoS requirements (e.g., PER, PDB), etc



In this contribution, we firstly theoretically analyze that the parameters of Gaussian distribution before truncation whether can be used for truncated Gaussian distribution to model the packet size for XR, which is shown in Section 2. The detailed analysis about parameters of packet size for the VR video stream are provided in Section 3 based on the VR2 traffic traces. The two different jitter models are further analyzed in the Section 4 and the detailed parameters for these two models based on the statistical results are also provided.
The theoretical analysis for the packet size
The Truncated Gaussian distribution was agreed as the statistical modelling of the packet size of a DL video frame based on its encoding parameters of source codecs. The characteristics of statistical modelling, such as the mean, the STD, are captured by the source codec output of specific XR applications. In this section, we theoretically derive the statistical values of Gaussian distribution after truncation, i.e. the mean and the standard deviation (STD), and compare them with the statistical results from the source codec of XR applications by SA4 [2].
During the derivation, it assumes that  and  denote the mean and the STD of Truncated Gaussian distribution, respectively.  ,  and  denote the Probability Density Function (PDF), the mean and the STD of Gaussian distribution before truncation, respectively. For the simpleness, we assume that the packet size is always larger than zero byte, i.e. the Gaussian distribution is truncated and bounded by [0, ∞). Thus, the mean  and STD  of the Truncated Gaussian distribution can be expressed as Equation (1). 


                                                        (1)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Furthermore, the relationships for the statistical values for the Gaussian distribution before and after truncation are given as Equation (2).

                                                                  (2)
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The mean value  and STD value  should be aligned with the actual statistical values from the VR2-1 in SA4 inputs [2], in which the details can be found in Section 3. Taken the independent video streams of left and right eye as the example, the distribution parameters for the packet size based on theoretical derivation and statistical value are given in Table 1.
[bookmark: _Ref67674268][bookmark: _Ref67583808]Table 1. The parameters of Gaussian distribution and Truncated Gaussian distribution
	VR2-1
	Mean value (Byte)
	Differences for the mean values 
	STD value (Byte)
	Differences for the STD values

	Left eye
	Truncated Gaussian
( , )
	28432
	-
	2174
	-

	
	Gaussian
( , )
	28495
	0.2%
	2375
	9.2%

	Right eye
	Truncated Gaussian
( , )
	28452
	-
	2091
	-

	
	Gaussian
( , )
	28550
	0.3%
	2219
	6.1%


Note: The mean and STD of the Truncated Gaussian distribution are statistical values from the SA4 inputs. The mean and STD of the Gaussian distribution are obtained based on the Equation (2).

According to the derived values and statistical values listed in Table 1, the difference of the mean values between before and after truncation is near to zero and the difference of the STD values is 6.1%-9%. We found that the difference between the theoretical derivation before the truncation and statistical values after truncation is less 10%, which can be ignored in the traffic modelling. The truncated Gaussian distribution can be used for modelling the packet size for XR.

Observation 1: The truncated Gaussian distribution can be used for modelling the packet size for XR and parameters are those of Gaussian distribution before truncation.
The packet size in the traffic model
As the agreements in RAN1#104e, the statistical traffic model for a single UE for a single DL video stream in Figure 1 was adopted, where a packet was assumed to represent multiple IP packets corresponding to a single video frame for modeling/evaluation purposes. 
[image: ]
Figure 1. The frame packet definition in the traffic model for XR[1]

Based on the XR Traffic traces uploaded in the URL (http://dash.akamaized.net/WAVE/3GPP/XRTraffic/Traces), we choose two VR2 traffic traces, i.e. VR2-1 and VR2-3, listed in Table 2 for further analysis. The traffic traces are both with target bitrate 30 Mbps and independently encoded. For these two VR2 traffic traces, the rendered scene output is with equal 2 eye buffers at 2Kx2K at 60 FPS, 8 bits per pixel color encoding. The VR2-1 is with 30Mbps bitrate capped Variable Bit Rate (VBR) with window 200ms and the VR2-3 is with 30Mbps Constant Bit Rate (CBR) with window 1 frame. 
[bookmark: _Ref67674212]Table 2. The configurations are recommended with priority according to order (subset) [3]
	Configuration
	Basic Content Parameters

	VR2-1
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 

	VR2-3
	8 slices per eye buffer, 1 slice per frame is intra coded, 30Mbit/s CBR with window 1 frame, buffer sent at same time, 1500 byte max packet size packets



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we show the PDF curves and CDF curves of the packet size for the left/right eye based on the above VR2 traffic traces in Figure 2 to Figure 5, respectively, in which the frame packet size is the sum of packet size of multiple IP packets corresponding to the same video frame. The PDF and CDF of truncated Gaussian distribution and the uniform distribution are also provided in Figure 2 ~ Figure 5. 

[image: ] [image: ]
[bookmark: _Ref67677094]Figure 2. The PDF of the packet size for VR2-1

[image: ] [image: ]
Figure 3. The CDF of the packet size for VR2-1

[image: ] [image: ]
Figure 4. The PDF of the packet size for VR2-3
[image: ] [image: ]
[bookmark: _Ref67677099]Figure 5. The CDF of the packet size for VR2-3
According to the above Figures, we found that the PDF and CDF of truncated Gaussian distribution is near to the statistical results of the traffic with VBR, while that of uniform distribution is similar to the statistical results of the traffic with CBR. Thus, we propose that the truncated Gaussian distribution can be used for modeling the packet size with VBR and the uniform distribution can be used for modeling the packet size with CBR. 
Proposal 1:
· The truncated Gaussian distribution should be used for modelling the packet size of video stream with VBR and the uniform distribution should be used for modelling the packet size of video stream with CBR.
[bookmark: OLE_LINK786][bookmark: OLE_LINK787][bookmark: OLE_LINK784][bookmark: OLE_LINK785]The detailed statistical results for these two VR2 traffic traces are listed in Table 3, including the mean, the STD, the ratio of STD to mean, the average data rate derived from the mean and the ratio of Maximum value to the mean, etc. According to the statistical results, we find that the average data rates derived from the mean are 13.68/13.70 (i.e. left/right eye) Mbps and 14.18/14.19 Mbps for VR2-1 and VR2-3, respectively. The mean of packet size is near to the derivation from statistical modeling that (average data rate) / (FPS for video stream, i.e., # packets per second in our statistical model) / 8 [bytes]. The ratios of STD to mean of Packet size are 8.33%/7.77% and 3.32%/3.34% for VR2-1 and VR2-3, respectively, which are no more than 10% of Mean packet size. The maximum packet sizes are limited by the transmission characteristics, such as “30Mbit/s capped VBR with window 200ms” and “30Mbit/s CBR with window 1 frame”, which is about 1.06~1.14 x Mean packet size. The minimum packet size can be also affected by the transmission characteristics. Since a frame packet in the traffic model is presented multiple IP packets, the packet size of a frame is at least larger than the minimum IP packet size, i.e. 46Bytes.

[bookmark: _Ref67908988]Table 3. The actual statistical values based on SA4 inputs [2]
	 
	Mean value (Byte)
	STD value (Byte)
	STD/Mean
	Average data rate based on the Mean (Mbps)
	Max. value (Byte)
	Max. value /Mean
	Mini. Value (Byte)

	VR2-1
	Left eye
	28495
	2375
	8.33%
	13.68
	36900
	1.14
	13416

	
	Right eye
	28550
	2219
	7.77%
	13.70
	34228
	1.12
	13384

	VR2-3
	Left eye
	29549
	982
	3.32%
	14.18
	31812
	1.07
	27498

	
	Right eye
	29569
	988
	3.34%
	14.19
	31879
	1.06
	27465



Observation 2: It observes that
· The average data rates based on the mean values are 13.68~14.19 Mbps for VR2. 
· The STD of Packet size is 3.32%~8.33% for VR2, which would be no more than 10% of Mean packet size. 
· The maximum packet sizes are limited by the transmission characteristics, such as “30Mbit/s capped VBR with window 200ms” and “30Mbit/s CBR with window 1 frame”, which is about 1.06~1.14 x Mean packet size. 
· The minimum packet size would be at least larger than the minimum IP packet size, i.e. 46Bytes.
Furthermore, we provide our proposals as following.
Proposal 2: For the parameters of the statistical distribution for Packet size
· The mean value of packet size could be derived by the statistical traffic modelling that (average data rate) / (FPS for video stream, i.e., # packets per second in our statistical model) / 8 [bytes].
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]The STD of Packet size could be derived by 5% and 10% of Mean packet size for the video stream with CBR and VBR, respectively.
· The maximum packet size could be 1.2 time of and equal to Mean packet size for the video stream with VBR and CBR, respectively.
· The minimum packet size could be limited by the minimum IP packet size, i.e. 46Bytes.
The jitter modeling in the traffic model for XR
As the agreements in RAN1#104e, the jitter for DL video stream for a single UE was modeled by the arrival time of packet k, i.e. k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable. The range of jitter is FFS with values range of [[-4, 4] ms], which includes negative values. However, we found that there is some misunderstanding for the values of the jitter. As the explanations in the contribution [4], the packet arrival time with and without jitter are shown in Figure 6. In the figure, the frame packets are generated periodically with the periodicity T= 1/X×1000 [ms]. If there is no jitter during packet transmission, the interval between any two packet arrivals would be the same for the periodic traffic. Otherwise, the packets arriving at RAN would be with the different jitter times. Taken the packet k and the packet k+1 as the example, their arrival times are k/X×1000 [ms] + Jk [ms] and (k+1)/X×1000 [ms] + Jk+1 [ms], respectively. In this case, the jitter can be considered as the variation of the frame delay, which should be always positive value for the cause of jitter, such as the encoding time, the network congestion, packet routing strategy or insufficient capacity of transport network, etc.


[bookmark: _Ref68274051]Figure 6. The packet arrival with and without jitter 
In order to further analyze the jitter, we clarify two alternatives for modeling the jitter from the different aspects as following.
· [bookmark: OLE_LINK788][bookmark: OLE_LINK789]Opt1-Frame Delay (J): The absolute arrival time of packet k at the receiver is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable. 
· Opt2-Inter Arrival Time Jitter (JJ): The inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable. 
For Opt1-Frame Delay, it represents the absolute transport delay of each frame, while the Opt2-Inter Arrival Time Jitter represents the time deviation of the inter arrival time related to the periodicity of packet generation at source codec, i.e. 1/X×1000 [ms].
Observation 3: There are two alternatives for modeling the jitter from the different aspects:
· Opt1-Frame Delay (J): The arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable.
· Opt2-Inter Arrival Time Jitter (JJ): The inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable.
The jitter modeling Opt1-Frame Delay (J)
For Opt1-Frame Delay (J), the statistical curves of PDFs and CDFs for the jitter of the VR2-1 and VR2-3 traffic traces are shown in Figure 7 and Figure 10, respectively, in which the jitters derived from the statistical models are also shown in the Figures. The detailed parameters of the statistical model for VR2-1 and VR2-3 traffic traces are listed in Table 4, which include the mean, the maximum and the minimum values. In addition, the percentages of the frame delay larger than 1/X×1000 [ms] are also provided.
[image: ] [image: ]
[bookmark: _Ref67925223]Figure 7. The PDF of the Frame Delay described in Opt1 for VR2-1. (Left & Right)

[image: ] [image: ]
[bookmark: _Ref67927220]Figure 8. The CDF of the Frame Delay described in Opt1 for VR2-1. (Left & Right)

[image: ] [image: ]
Figure 9. The PDF of the Frame Delay described in Opt1 for VR2-3. (Left & Right)
[image: ][image: ]
[bookmark: _Ref67929127][bookmark: _GoBack]Figure 10. The CDF of the Frame Delay described in Opt1 for VR2-3. (Left & Right)

[bookmark: _Ref67930321][bookmark: OLE_LINK792][bookmark: OLE_LINK793]Table 4. The statistical values for Opt1-Frame Delay
	
	Max value
(ms)
	Min value
(ms)
	Mean value
(ms)
	STD
	Percentage of the Frame delay >1/X×1000 [ms]

	VR2-1 (VBR)
	Left eye
	30.59
	9.20
	19.81
	5.71
	66.39%

	
	Right eye
	30.40
	9.21
	19.83
	5.71
	66.61%

	VR2-3 (CBR)
	Left eye
	30.68
	9.09
	19.81
	5.83
	65.17%

	
	Right eye
	30.64
	9.29
	19.81
	5.84
	65%



According to the results from the statistical model, the Opt1-Frame Delay (J) for both VR2-1 and VR2-3 can be characterized with uniform distribution. The values of Opt1-Frame Delay are always positive and with the mean value 19.81/19.83 ms for VR2-1 and 19.81/19.81 ms for VR2-3, which are not equal to 0. The STD values are 5.71/5.71 ms and 5.83/5.84 ms for VR2-1 and VR2-3, respectively. The ranges of Opt1-Frame Delay are [9.2, 30.59] ms and [9.09, 30.68] for VR2-1 and VR2-3, respectively. 
Opt1-Frame Delay represents the absolute transport delay of each frame. It cannot show whether the packet arrival is in order. According to the percentage of Opt1-Frame Delay larger than one periodicity, i.e. 1/X×1000 [ms], we find that 65%-66.61% of the frame packets arrive at the next two FPS periodicity and 33.7%~35% of the frame packets arrive at the next FPS periodicity. Since these two traffic traces are both buffer sent at same time, the Opt1-Frame Delay (J) would be larger than the absolute time of frame generation. If the receiver buffer is used to mitigate the delay jitter during the packet transport, such as two frames buffer considered, the Opt1-Frame Delay (J) would be much larger than the statistical results.
Observation 4: For Opt1-Frame Delay (J), the absolute arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable. It observes that
· The statistic distribution for Opt1-Frame Delay (J) is close to the uniform distribution.
· The value of Opt1-Frame Delay (J) would be always positive.
· The mean value is 19.8 ms, which is not equal to 0. 
· The STD is 5.71-5.84 ms.
· The range of Opt1-Frame Delay (J) is [9.09, 30.68] ms. 
The jitter modeling Opt2-Inter Arrival Time Jitter (JJ)
For Opt2-Inter Arrival Time Jitter (JJ), the PDFs and CDFs of the jitter of the VR2-1 and VR2-3 traffic traces are shown in Figure 11 to Figure 14, respectively, in which the jitters derived from the statistical models are also shown in the Figures. The detailed values derived from statistic modeling for VR2-1 and VR2-3 traffic traces are listed in Table 5, which includes the mean, the maximum and the minimum values. In addition, the percentages of the Opt2-Inter Arrival Time Jitter (JJ) less than -1/X×1000 [ms] are also provided, which means the percentage of packet arrival out of order.
[image: ] [image: ]
[bookmark: _Ref67934408]Figure 11. The PDF of the Inter Arrival Time Jitter (JJ) described in Opt2 for VR2-1(Left & Right)
[image: ] [image: ]
[bookmark: _Ref67925225]Figure 12. The CDF of Inter Arrival Time Jitter (JJ) described in Opt2 for VR2-1 (Left & Right)

[image: ] [image: ] 
Figure 13. The PDF of the Inter Arrival Time Jitter (JJ) described in Opt2 for VR2-3(Left & Right)
[image: ] [image: ] 
[bookmark: _Ref67934424]Figure 14. The CDF of Inter Arrival Time Jitter (JJ) described in Opt2 for VR2-3 (Left & Right)
[bookmark: _Ref67934551]Table 5. The statistical values for Opt2-Inter Arrival Time Jitter (JJ)
	
	Max value
(ms)
	Min value
(ms)
	Mean value
(ms)
	STD
	Percentage of the Inter Arrival Time Jitter < -1/X×1000 [ms]

	VR2-1 (VBR)
	Left eye
	19.60
	-19.58
	0
	8.10
	1.06%

	
	Right eye
	19.56
	-19.54
	0
	8.10
	1.14%

	VR2-3 (CBR)
	Left eye
	19.87
	-19.21
	0
	8.18
	1.36%

	
	Right eye
	19.38
	-19.69
	0
	8.19
	1.56%



According to the statistical results, we find that the distribution for Opt2-Inter Arrival Time Jitter (JJ) is characterized by the truncated Gaussian distribution for both VR2-1 and VR2-3. The values of Opt2-Inter Arrival Time Jitter (JJ) can be either positive or negative. The mean value of Opt2-Inter Arrival Time Jitter (JJ) is 0 ms for both VR2-1 and VR2-3. The STD values are 8.10/8.10 ms and 8.18/8.19 ms for VR2-1 and VR2-3, respectively. The ranges of Opt2-Inter Arrival Time Jitter (JJ) are [-19.54, 19.60] ms and [-19.21, 19.87] for VR2-1 and VR2-3, respectively. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For the Opt2-Inter Arrival Time Jitter (JJ), it represents that the time interval between two adjacent packets minus the time interval of packet generation at source codec, i.e. 1/X×1000 [ms]. When Opt2-Inter Arrival Time Jitter (JJ) satisfies the relationship, i.e. the Opt2-Inter Arrival Time Jitter (JJ) < -1/X×1000 [ms], the interval arrival time would be negative and the packet arrival would be out of order. According to the percentage of the jitter satisfied the relationship, we find that 1.06%~1.56% of the frame packets arrive before the previous packets. In order to ensure that the packet arrives in order, the range of Opt2-Inter Arrival Time Jitter (JJ) would be limited by the minimum value -1/X×1000 [ms].
Observation 5: For Opt2-Inter Arrival Time Jitter (JJ), the inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable. It observes that
· Opt2-Inter Arrival Time Jitter (JJ) is characterized by the truncated Gaussian distribution.
· The value of Opt2-Inter Arrival Time Jitter (JJ) could be either positive or negative.
· The mean value is 0 ms. 
· The STD is 8.10~8.19 ms.
· The range of Opt2-Inter Arrival Time Jitter (JJ) is [-19.54, 19.87] ms. 
· The percentage of packet arrival out of order, i.e. the Opt2-Inter Arrival Time Jitter (JJ) less than -1/X×1000 [ms], is 1.06%~1.56%.
Based on the above analysis, we provide our proposals as following.
[bookmark: OLE_LINK800][bookmark: OLE_LINK801]Proposal 3: Either two alternatives can be used for jitter modeling.
· Opt1-Frame Delay (J): The arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable.
· Opt2-Inter Arrival Time Jitter (JJ): The inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable.
[bookmark: OLE_LINK796][bookmark: OLE_LINK797]Proposal 4: If jitter is modeled as Opt1-Frame Delay (J), in which the arrival time of packet k is k/X×1000 [ms] + J [ms] under the given FPS value, the following parameters could be considered.
· The uniform distribution is used for modelling the random variable J.
· Mean: 20 ms
· STD: 6.35 ms
· Range: [9, 31] ms 
Proposal 5: If jitter is modeled as Opt2-Inter Arrival Time Jitter (JJ), in which the inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms] under the given FPS value, the following parameters could be considered.
· The truncated Gaussian distribution is used for modelling the random variable JJ.
· Mean: 0
· STD: 8 ms
· Range: [-1/X×1000, 20] ms 
Conclusion
[bookmark: OLE_LINK798][bookmark: OLE_LINK799]Observation 1: The truncated Gaussian distribution can be used for modelling the packet size for XR and parameters are those of Gaussian distribution before truncation.
Observation 2: It observes that
· The average data rates based on the mean values are 13.68~14.19 Mbps for VR2. 
· The STD of Packet size is 3.32%~8.33% for VR2, which would be no more than 10% of Mean packet size. 
· The maximum packet sizes are limited by the transmission characteristics, such as “30Mbit/s capped VBR with window 200ms” and “30Mbit/s CBR with window 1 frame”, which is about 1.06~1.14 x Mean packet size. 
· The minimum packet size would be at least larger than the minimum IP packet size, i.e. 46Bytes.

Observation 3: There are two alternatives for modeling the jitter from the different aspects:
· Opt1-Frame Delay (J): The arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable.
· Opt2-Inter Arrival Time Jitter (JJ): The inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable.
Observation 4: For Opt1-Frame Delay (J), the absolute arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable. It observes that
· The statistic distribution for Opt1-Frame Delay (J) is close to the uniform distribution.
· The value of Opt1-Frame Delay (J) would be always positive.
· The mean value is 19.8 ms, which is not equal to 0. 
· The STD is 5.71-5.84 ms.
· The range of Opt1-Frame Delay (J) is [9.09, 30.68] ms. 
Observation 5: For Opt2-Inter Arrival Time Jitter (JJ), the inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable. It observes that
· Opt2-Inter Arrival Time Jitter (JJ) is characterized by the truncated Gaussian distribution.
· The value of Opt2-Inter Arrival Time Jitter (JJ) could be either positive or negative.
· The mean value is 0 ms. 
· The STD is 8.10~8.19 ms.
· The range of Opt2-Inter Arrival Time Jitter (JJ) is [-19.54, 19.87] ms. 
· The percentage of packet arrival out of order, i.e. the Opt2-Inter Arrival Time Jitter (JJ) less than -1/X×1000 [ms], is 1.06%~1.56%.
Proposal 1:
· The truncated Gaussian distribution should be used for modelling the packet size of video stream with VBR and the uniform distribution should be used for modelling the packet size of video stream with CBR.
Proposal 2: For the parameters of the statistical distribution for Packet size
· The mean value of packet size could be derived by the statistical traffic modelling that (average data rate) / (FPS for video stream, i.e., # packets per second in our statistical model) / 8 [bytes].
· The STD of Packet size could be derived by 5% and 10% of Mean packet size for the video stream with CBR and VBR, respectively.
· The maximum packet size could be 1.2 time of and equal to Mean packet size for the video stream with VBR and CBR, respectively.
· The minimum packet size could be limited by the minimum IP packet size, i.e. 46Bytes.
Proposal 3: Either two alternatives can be used for jitter modeling.
· Opt1-Frame Delay (J): The arrival time of packet k is k/X×1000 [ms] + J [ms], where X is the given FPS value and J is a random variable.
· Opt2-Inter Arrival Time Jitter (JJ): The inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms], where X is the given FPS value and JJ is a random variable.
Proposal 4: If jitter is modeled as Opt1-Frame Delay (J), in which the arrival time of packet k is k/X×1000 [ms] + J [ms] under the given FPS value, the following parameters could be considered.
· The uniform distribution is used for modelling the random variable J.
· Mean: 20 ms
· STD: 6.35 ms
· Range: [9, 31] ms 
Proposal 5: If jitter is modeled as Opt2-Inter Arrival Time Jitter (JJ), in which the inter arrival time between the packet k and the packet k+1 is 1/X×1000 [ms] + JJ [ms] under the given FPS value, the following parameters could be considered.
· The truncated Gaussian distribution is used for modelling the random variable JJ.
· Mean: 0
· STD: 8 ms
· Range: [-1/X×1000, 20] ms 
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