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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#104-e meeting, the Rel. 17 FS_NR_XR_eval SID [1] was discussed. The following was agreed [2] on the topic of XR traffic model:
	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) 
· 30, 60 Mbps @60fps (optional)
· Note: this is the aggregated data rate when applicable
· CG: 8, 30 Mbps @60fps (baseline)
· 8, 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: _Hlk65848314](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/X1000 [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 present our views on some of the FFS items related to XR traffic model and proposals for moving forward.

Traffic Model Parameters 
Parameters of Truncated Gaussian Distribution for Packet Size 
[bookmark: _Hlk65851341]In RAN1#104-e meeting, the following was taken as working assumption regarding the parameters of truncated Gaussian distribution for packet size.
	· (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 
· [bookmark: _Hlk65851405][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 
· [bookmark: _Hlk65851426][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.



As observed from the working assumption, the minimum packet size is TBD.  According to the working assumption, the STD () is 15% of the mean packet size (), whereas the maximum packet size is 1.5, which is 3.33 more than the mean.  A simple calculation shows that the probability of the packet size before truncation being larger than the maximum size is about 0.04%, which will have minimal impact on the performance evaluation.  Similarly, if the minimum packet size is chosen to be 3.33 less than the mean (i.e., the minimum packet size = 0.5), then the probability of the packet size before truncation being less than the minimum size is also approximately 0.04%, again, having minimal impact on the performance evaluation.  Further reducing the minimum packet size to be less than 0.5is not necessary since it will have even smaller impact on the performance evaluation.  Besides, having the minimum packet size equal to 0.5 will make the resulting pdf function of the truncated Gaussian distribution symmetrical around the mean, making sure the mean packet size is not impacted by the truncation.
Based on the above analysis, we have the following proposal:  
Proposal 1: FS_NR_XR_eval adopts the following regarding the parameters of truncated Gaussian distribution for packet size: 
· STD: 15% of Mean packet size
· Max packet size: 1.5 x Mean packet size
· Min packet size: 0.5 x Mean packet size
Evaluation of Multiple Streams/Flows
In RAN1#104-e meeting, the following was agreed regarding evaluation of multiple streams/flows.
	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 our view, the intention of evaluation of multiple streams/flows is trying to model the XR traffic more accurately.  However, given the fact that the XR traffic is dominant by the video stream, it is unclear how much more accuracy the modeling of multiple flows/streams can provide in the performance evaluation.  Besides, many details of modeling multiple streams/flows are missing. For example, whether/how interaction between different streams are modeled, how to define per UE KPI when multiple streams/flows are involved, etc.  Furthermore, modeling multiple streams/flows will increase the complexity of the system level simulations, making it difficult for companies to calibrate simulation results.
Based on the above analysis, we have the following proposal:
Proposal 2: FS_NR_XR_eval supports modeling single stream/flow on each direction as a baseline.   
 
UL Traffic Model and QoS Parameters
In RAN1#104-e meeting, the following was taken as working assumption regarding UL traffic model and QoS parameters.
	[bookmark: _Hlk66286612]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 




[bookmark: _Hlk66288742]As observed from the working assumption, the UL traffic model for AR is FFS.  Based on the SA4 inputs [3] and email discussions in RAN1#104-e meeting, a traffic model similar to the DL video stream traffic model can be adopted also for UL AR.  The average data rate for UL video stream is 10-20 Mbps with a frame rate of 60 fps.  Since the video frames on the UL are generated at the UE side, there should be no jitter for the UL video frames.  Based on the SA4 inputs [3], a PDB of 60 ms can be used.
Based on the above analysis, we have the following proposal:  
Proposal 3: FS_NR_XR_eval adopts the following regarding the UL traffic model for AR: 
· A single video stream for a UE: periodic with 60 fps, no jitter
· Average data rate: 20 Mbps @ 60 fps (baseline)
· Truncated Gaussian distribution is used for the packet size distribution of video stream for UL AR with the following parameters:  
· Mean: derived from fps and average data rate
· STD: 15% of Mean packet size
· Max packet size: 1.5 x Mean packet size
· Min packet size: 0.5 x Mean packet size
· PDB: 60 ms (baseline)
Conclusions
In this contribution, we present our views on some FFS items of the XR traffic model.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FS_NR_XR_eval adopts the following regarding the parameters of truncated Gaussian distribution for packet size: 
· STD: 15% of Mean packet size
· Max packet size: 1.5 x Mean packet size
· Min packet size: 0.5 x Mean packet size
Proposal 2: FS_NR_XR_eval supports modeling single stream/flow on each direction as a baseline.    
Proposal 3: FS_NR_XR_eval adopts the following regarding the UL traffic model for AR: 
· A single video stream for a UE: periodic with 60 fps, no jitter
· Average data rate: 20 Mbps @ 60 fps (baseline)
· Truncated Gaussian distribution is used for the packet size distribution of video stream for UL AR with the following parameters:  
· Mean: derived from fps and average data rate
· STD: 15% of Mean packet size
· Max packet size: 1.5 x Mean packet size
· Min packet size: 0.5 x Mean packet size
· PDB: 60 ms (baseline)
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