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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#103-e, the following agreement was made regarding XR/Cloud Gaming traffic model [1], 
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.  


In this contribution, we provide our views on traffic model of XR/Cloud Gaming based on SA4’s output.
2. Traffic characteristics
[bookmark: _Ref54280506][bookmark: _Hlk61905967]XR/Cloud Gaming applications include media services and interactive/pose services. For media services, it is provided by rendered video and audio traffic, which are delivered from server and presented by a smart device or wearable device, e.g. head-mounted display (HMD) or glasses. For XR study, media services on XR are mainly focused on rendered video traffic, since the required bitrate of regular stereo audio traffic can be negligible compared to the video traffic. For interactive/pose services, there is an interaction between device and server based on tracking and delivering of viewer poses and/or the captured media streaming. 
[image: ]
[bookmark: _Ref61908206]Figure 1. Basic overview of XR traffic simulation model from SA4
Recently, SA4 sent a LS to inform RAN1 of the latest progress for modelling of XR traffic [2]. Corresponding attached documents provide a basic overview of XR traffic model generation as shown in Figure 1 [3]. Taking the downlink traffic as an example, the V-Traces are generated based on the original XR/CG video according to the Content Model, then transformed into P-Traces through encoding, packetization, network delivery and reach the RAN side. The RAN simulator receives P-Traces at a given time and of a specified size. The P-Traces are provided for multiple users and reflect practical traffic characteristics. From the perspective of RAN simulation, the traffic characteristics reflected by P-Traces are what we need to focus on. Besides, based on the agreement of RAN1#103-e meeting, from the perspective of RAN1, statistical model is preferred. Therefore, two types of XR traffic models for XR evaluation are considered: statistical model and P-Traces model. 
For statistical model, its statistical characteristics are clear and stable, its parameters can be adjusted to accommodate a variety of applications and profiles. Besides, simulations can be performed for any length of time in this model. For P-Traces model, a customized traffic model may be required for each scenario or application. To simplify simulation, statistical model is preferred, i.e. a frame is modelled as a packet in our simulation. 
[bookmark: _Ref61790541]Proposal 1: Support to adopt statistical model for XR evaluation as the starting point, P-Trace model can be optionally evaluated.
For statistical model, we analyzed the traffic modeling in terms of data-rate, packet modelling, traffic resource type, packet size distribution, PDB (Packet delay budget) and impact of jitter as below.
2.1. [bookmark: OLE_LINK11]Data rate
According to descriptions in TR 26.928, lots of different XR use cases are proposed based on underlying offered functionalities, nature of communication, interactivity and real-time requirements. Data-rates for different scenarios are diverse from each other. 
For video traffic, it can be seen as a typical kind of streaming media for which data-rate requirement is highly dependent on the characteristics of video. The following aspects need to be considered to determine the data-rate requirements.
· Resolution and Frame rate
Resolution is most important to guarantee the immersive experience. High resolution is necessary to avoid causing the user to feel pixelation.
For downlink XR video, it is usually assumed that there are two eye buffers, and 2K by 2K per eye provides acceptable quality according to TR 26.928 [4]. Therefore, the resolution should at least reach 4K for two eyes together to meet the quality requirements, e.g. 4K UHD (3840 x 2160) resolution could be assumed for downlink XR video traffic. For uplink AR video, considering the limitations of the XR device processing capacity and camera specifications, the resolution could be 1920 by 1080.
For XR video, video signal is provided as a sequence of pictures with a specific frame rate in frames per second. The frame rate is an important metric for the quality of video.  Frame rates are expected to be at least 60 FPS (Frames per second) for XR video.
· Color codec and Bit-depth
[bookmark: OLE_LINK6]YUV and RGB are two commonly used color encoding methods. YUV is more widely used for video acquisition and video processing. This is because that, YUV improves the convenience of coding and transmission, and reduces bandwidth consumption and information errors, thereby typically enabling more efficient transmission and compression than using the RGB color space. Based on the analysis for some XR videos, the YUV color codec is adopted and the typical color-coding format of the XR videos is YUV420, with a bit-depth of 8 bits, that is, the average number of bits per pixel is 12.
· Video codec protocol
As of today, two video codecs protocols are prominently referenced and adopted for XR traffic, namely H.264/AVC and H.265/HEVC. H.264/AVC can support video formats up to 4K at 60 FPS and H.265/HEVC can support video formats with higher resolution, e.g. 8K. Both protocols are the foundation of VR video profiles in 3GPP TS 26.118 [5]. These profiles permit the delivery of video formats up to 4K at 60 FPS. The compression rate of  H.264/AVC can reach about 120:1. Given the similarity between what is seen by two eyes in XR videos, the compression rate could be even higher.
Based on the above assumptions, the average downlink transmission data-rate of a 4K 3D XR video would be around 50Mbps. Details of media information and corresponding data-rate are shown in Table 1. It is expected that the data-rate can be reduced with improved compression settings (e.g. H.265/HEVC or higher compression rate). In addition, it should be noted that data-rate will be increased remarkably for a higher quality of XR video e.g. 4K per eye.
[bookmark: _Ref54384991][bookmark: OLE_LINK15][bookmark: OLE_LINK17]Table 1. Traffic data-rate for XR video
	
	DL VR/AR video
	UL AR video

	Resolution(pixels)
	3840*2160
	1920*1080

	FPS(frames/second)
	60
	60

	Color codec
	YUV 4:2:0
	YUV 4:2:0

	Bit-depth(bits)
	8
	8

	Compression rate
	120(H.264/AVC)
	120(H.264/AVC)

	Data-rate after compression(Mbps)
	≈50
	≈13


2.2. Packet modelling
Generally, for video streaming traffic, UDP (User Datagram Protocol) is commonly used as the transport layer protocol, and typically a frame is segmented into one or multiple IP packets for transmissions. Therefore, for statistical model, the following two types of XR traffic models for XR evaluation are 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 RAN simulation. 
· Option 2: an IP level packet is modelled as a packet during simulation, i.e. one IP level packet ≈ one packet in simulation.
	


	(a) Option 1

	


	(b) Option 2


Figure 2. Examples of XR traffic models
For Option 1, a potential issue is how to satisfy the QoS characteristics corresponding to the assumed 5QI(s), since the packet delay budget (i.e. PDB) and packet error rate (i.e. PER) requirements for frames may be different from the QoS characteristics defined for IP packets corresponding to the assumed 5QI(s). Besides, jitter is another issue to consider. For Option 2, one case is that one IP level packet is modelled as a packet in simulation, and there are probably multiple IP packets within a given frame period, for which the interval between two neighboring IP packets is not clear. To simplify simulation, Option 1 is slightly preferred, i.e. a frame is modelled as a packet in our simulation. 
[bookmark: _Ref61906427]Proposal 2: For statistical model, 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.
2.3. Traffic source type
The traffic resource type for XR services is related to the application. To be specific, the traffic resource type refers to how the traffic is generated at the source side. For XR application, it refers to how the frames of two eyes are generated. According to the discussion above, it is assumed that frames for two eyes are generated independently for XR 3D video, assuming 2K resolution for the frames for each eye. To meet the latency requirement of XR video traffic, PDB for each frame is assumed as 10ms. For statistical model, the following two different types of XR video traffic are proposed regarding the frame arrival time in the case of X FPS, as illustrated in Figure 3.
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]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 packet 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.
For traffic source type 1, frames for both eyes arrive at the same time such that visual scenes for both eyes can be updated and presented simultaneously. In order for that, transmissions of frames for both eyes need to be within the same PDB, e.g. 10ms. Based on our observation, traffic source type 1 is one of the typical configurations for video streaming. The sum of frame sizes for both eyes is equal to the size of a packet in simulation.
For traffic source type 2, frames for two eyes arrive alternately. With respect to the visual signal from frames for one eye, it is refreshed every 16.67ms. Therefore, a frame for right eye is refreshed with a delay equal to 8.33ms after refreshing a frame for left eye, i.e. there is an 8.33ms delay for frames for right eye compared to frames for left eye. In this case, PDBs for transmissions of frames for different eyes are independent, i.e. PDB for frames for each eye is 10ms. Although the total delay budget for a visual scene from frames of two eyes is great than 10ms, people with a normal visual acuity will not perceive different refreshing times for two eyes when the frame rate is above 60 FPS.
[bookmark: _Ref47187509][image: ]  
[bookmark: _Ref61719594]Figure 3. An example of traffic source type
[bookmark: _Ref54280499][bookmark: _Ref47732473][bookmark: _Hlk53481603]Proposal 3: For statistical XR traffic model, 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.
2.4. [bookmark: OLE_LINK1][bookmark: OLE_LINK3]Packet size distribution
[bookmark: _Hlk61788302]For video traffic, the sizes of frames are dependent on the media configuration parameters. Besides, the size of frames varies from time to time according to the visual signal that is carried by the frames. Therefore, random distribution for the frame sizes for video traffic can be observed. Two distribution types are considered for XR/Cloud Gaming in the study: Gaussian distribution and Pareto distribution.
We did some analysis based on some examples of 3D VR videos downloaded from YouTube. According to statistical characteristics of video frames from these examples, the CDF of packet sizes for the 3D VR videos is illustrated in Figure 4. By comparing the packet size distribution of 3D VR videos with the aforementioned distributions, it can be observed that it is closer to Gaussian distribution than Pareto distribution.

[bookmark: _Ref47187568]Figure 4. CDF of 3D VR video packets compared with Gaussian and Pareto distributions
[bookmark: _Ref47723882][bookmark: _Ref47732286]Proposal 4: For statistical XR traffic model, packet size distribution is subject to Gaussian distribution.
2.5. Packet delay budget (PDB)
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]For end-to-end RTT(Round-trip time), according to TR 26.928 [4], 50~60ms is considered as typical values for XR Split Rendering. As shown in Figure 5, RTT is mainly composed of the times of user interaction information capturing, downlink/uplink transmission via air interface, the video frames generation, rendering and compression at the server side, and the video frames decoding and display at the device side. Generally, assuming the processing time at server side and device side together is about 30~40ms, and then only about 10ms is left to one trip air interface transmission for XR, which means the downlink/uplink PDB for XR is about 10ms. For Cloud Gaming, due to no dizziness problem, the PDB requirements are relatively loose and could be relaxed to 15ms.
[image: ]
[bookmark: _Ref61363371]Figure 5. Schematic of XR Split Rendering
[bookmark: _Ref61363712]Proposal 5: The PDB requirement is assumed to be 10ms for XR traffic, and it could be relaxed to 15ms for Cloud Gaming traffic.
2.6. Packet arrival jitter
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Video frames are usually generated periodically at the server side. However, the packet arrival interval in RAN may not be exactly periodic but quasi-periodic due to network jitter which is caused by frame rendering, frame encoding, network congestion, routing changes, etc. From the perspective of downlink transmission, the data packets need to be transmitted to the device side within the specified delay bound. If the transmission of a packet before the air interface is delayed due to network jitter, the corresponding time left for downlink transmission over the air interface will be shorter which may result in a higher probability of packet loss thus have an impact on user XR experience. Therefore, the impact of jitter modelling on PDB needs to be considered. The following two options are identified, as illustrated in Figure 6. 
· Option 1: PDB is affected by jitter, e.g. residual PDB (k) = PDB – jitter (k), k is the index of a packet.
· Option 2: PDB is not affected by jitter, e.g. PDB is constant.


[bookmark: _Ref61712829]Figure 6. Example of PDB modelling
However, it is not clear that the impact of jitter on system performance, as well as the complexity of performance evaluation. Therefore, RAN1 should further consider and discuss the jitter modelling in traffic model.
[bookmark: _Ref61887038]Proposal 6: RAN1 should further consider and discuss the jitter modelling in traffic model.
3. [bookmark: OLE_LINK2]DL Traffic model
· XR
[bookmark: OLE_LINK29]Based on the above analysis, two traffic source types and truncated Gaussian distribution are considered. The mean value and standard deviation value of Gaussian distribution could be obtained according to the CDF of packet sizes for the 4K 3D VR videos illustrated in Figure 4. Besides, by analyzing some 4K 3D VR videos captured by Wireshark on YouTube, we found that the minimum packet size of media services is 67 bytes and the maximum packet size of media services is about 100000 bytes. According to the previous discussion, the following DL traffic models are proposed for XR.
[bookmark: _Ref54385012][bookmark: _Ref61363290]Table 2. DL traffic models for XR
	Traffic model
	Model 1
(50Mbps)
	Model 2
(50Mbps)
	Model 3
(100Mbps)
	Model 4
(100Mbps)

	Packet size distribution
	[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Truncated Gaussian distribution

	Mean packet size (Bytes)
	104000
	52000
	208000
	104000

	STD of packet sizes (Bytes)
	13000
	6500
	26000
	13000

	Maximum packet size (Bytes)
	162500
	81250
	325000
	162500

	Minimum packet size (Bytes)
	67

	[bookmark: OLE_LINK16]Packet arrival interval (ms)
	16.67
	8.33
	16.67
	8.33

	Packet delay budget (ms)
	10




· Cloud Gaming
For Cloud Gaming, 2D video streaming is assumed where the same frame is rendered for both eyes. Compared to XR traffic, the PDB of Cloud Gaming traffic is less demanding. Hence, we propose the following DL traffic model for Cloud Gaming.
[bookmark: _Ref54385019]Table 3. DL traffic model for Cloud Gaming
	Traffic model
	Model 5 (25Mbps)

	Packet size distribution
	Truncated Gaussian distribution

	Mean packet size (Bytes)
	52000

	STD of packet sizes (Bytes)
	6500

	Maximum packet size (Bytes)
	81250

	Minimum packet size (Bytes)
	67

	Packet arrival interval (ms)
	16.67

	Packet delay budget (ms)
	15


[bookmark: _Ref47732476]Proposal 7: For DL, traffic models in Table 2 and Table 3 are considered as the starting point for XR and Cloud Gaming evaluation, respectively.
4. [bookmark: OLE_LINK10][bookmark: OLE_LINK12]UL Traffic model
For uplink XR, two typical UL traffic are media services and interactive/pose services.
· UL traffic for media services
[bookmark: _Hlk61450299][bookmark: _Hlk61362369][bookmark: OLE_LINK22]For uplink media services, video or scene information is captured by sensors such as a micro camera in the XR device, and then rendered, compressed and transmitted to the server side. Based on the above analysis in section 2, except for the data rate, the traffic characteristics of uplink media services are similar to those of downlink media services. Therefore, the traffic model of uplink media services in Table 4 is proposed. 
[bookmark: _Ref61454152]Table 4. UL traffic model for media service
	Traffic model
	Model 6 (13Mbps)

	Packet size distribution
	Truncated Gaussian distribution

	Mean packet size (Bytes)
	27040

	STD of packet sizes (Bytes)
	3380

	Maximum packet size (Bytes)
	42250

	Minimum packet size (Bytes)
	67

	Packet arrival interval (ms)
	16.67

	Packet delay budget (ms)
	10


[bookmark: _Ref61457841]Proposal 8: For UL media services, the traffic model in Table 4 is considered as the starting point for the evaluation of AR case.
· UL traffic for interactive/pose services
For uplink pose information, it is sampled and packed in the XR device, by the sensors equipped in the XR device e.g. gyroscope and gravity sensor. In general, the sampling rates are controlled by the application for which the pose information is applied. The more frequently the pose information is captured, the more accurate the rendered scenes and gaming control are. According to TR 26.928 [4], in order to always be able to respond to the latest XR Viewer Pose, tracking needs to be done frequently and the minimum update rates should be 1000Hz and beyond. 
Once the pose information is sampled and processed by the XR device, the pose information will be delivered to the XR or game server. The interval for delivering the pose information is dependent on the transmission resources in UL and the requirements of application. As a result, the interval for delivering the pose information may be different from the sampling interval of sensors for the pose capturing. 
Therefore, the period of UL traffic model for XR evaluation refers to the transmission interval of uplink data packets rather than the sampling interval of sensors. Considering the transmission resources in UL and the potential power consumption at XR device, it is not necessary to always guarantee that the transmission interval is equal to the sampling interval. According to TR 26.928 [4], the typical packet size generated by the XR Viewer Pose is in the range of 30-100 bytes, such that the generated data is around several hundred Kbit/s if delivered over the air interface. And according to the LS from SA4 [3], the uplink bitrate for the pose information is 200 kbps, with 4ms packet interval and 100-bytes packet size. An example is depicted in Figure 7.


[bookmark: _Ref54120465]Figure 7. An example of UL traffic model for interactive/pose services
Therefore, we propose the following UL traffic model for XR/Cloud Gaming evaluation.
[bookmark: _Ref54385046][bookmark: _Hlk61457666]Table 5. UL traffic model for interactive/pose services
	Traffic model
	Model 1 (200kbit/s)

	Packet size distribution
	Fixed, 100Bytes

	Packet arrival interval (ms)
	4

	Packet delay budget (ms)
	10


[bookmark: _Ref47732478]Proposal 9: For UL interactive/pose services, the traffic model in Table 5 is considered as the starting point for XR and Cloud Gaming evaluation.
5. [bookmark: _Hlk61343592][bookmark: _Hlk61342986]Relationship of DL-UL packet arrival time
For some XR use cases, such as viewport dependent VR immersive video application, the XR device interacts with the XR server in uplink, and according to the interaction the delivered contents in downlink could be changed. However, it is necessary to further consider the impact of this interaction on the traffic model, which is mainly reflected in the relationship between DL/UL packet arrival time. From the simulation point of view, for the DL/UL packet arrival time relationship, two options can be considered:
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Option 1: DL and UL packet arrival times are independently modelled.
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: _Hlk61348611]Option 2: DL and UL packet arrival times are correlated, e.g. the uplink pose information triggers the corresponding downlink traffic, where the interval between DL and UL packet arrival times may be uniform or subject to a certain distribution.


Figure 8. An example of DL/UL packet arrival time relationship (option 2)
In our opinion, to reduce evaluation complexity in RAN1, independent DL and UL packet arrival times can be assumed as a starting point.
[bookmark: _Ref61363922][bookmark: _Ref61364089]Proposal 10: For DL/UL packet arrival time relationship, following options can be considered,
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Option 1: DL and UL packet arrival times are independently modelled. 
· [bookmark: _Hlk61461867]Option 2: DL and UL packet arrival times are correlated, e.g. the uplink pose information triggers the corresponding downlink traffic, where the interval between DL and UL packet arrival times may be uniform or subject to a certain distribution.
6. Conclusion
In this contribution, we provide our views on XR traffic models with the following proposals:
Proposal 1: Support to adopt statistical model for XR evaluation as the starting point, P-Trace model can be optionally evaluated. 
Proposal 2: For statistical model, 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.
Proposal 3: For statistical XR traffic model, 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. 
Proposal 4: For statistical XR traffic model, packet size distribution is subject to Gaussian distribution.
Proposal 5: The PDB requirement is assumed to be 10ms for XR traffic, and it could be relaxed to 15ms for Cloud Gaming traffic.
Proposal 6: RAN1 should further consider and discuss the jitter modelling in traffic model.
Proposal 7: For DL, traffic models in Table 2 and Table 3 are considered as the starting point for XR and Cloud Gaming evaluation, respectively.
Proposal 8: For UL media services, the traffic model in Table 4 is considered as the starting point for the evaluation of AR case.
Proposal 9: For UL interactive/pose services, the traffic model in Table 5 is considered as the starting point for XR and Cloud Gaming evaluation.
Proposal 10: For DL/UL packet arrival time relationship, following options can be considered,
· Option 1: DL and UL packet arrival times are independently modelled. 
· Option 2: DL and UL packet arrival times are correlated, e.g. the uplink pose information triggers the corresponding downlink traffic, where the interval between DL and UL packet arrival times may be uniform or subject to a certain distribution.
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