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Introduction
eXtended Reality (XR) and Cloud Gaming are becoming important applications for 5G in the industry. A SI was endorsed to identify XR applications, corresponding traffic models, KPIs, and identify/evaluate relevant performance metrics for the KPIs [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 




In RAN1#103-e, initial discussion started on the XR applications and traffic models with further narrowing of the efforts in RAN1 targeted in RAN1#104-e after progress in SA4. 

This contribution outlines traffic models for evaluation methodology of KPIs for XR applications.


XR Applications and Traffic Models
In [2], 7 general categories and 23 particular use cases for XR are defined. In [1], the list is reduced to 5 use cases from [2] of VR1: “Viewport dependent streaming”, VR2: “Split Rendering: Viewport rendering with Time Warp in device”, AR1: “XR Distributed Computing”, AR2: “XR Conversational” and CG: Cloud Gaming. The reduction of XR use cases was also agreed for RAN1 evaluation purposes in RAN1#103-e.

	Agreement:
XR applications
RAN1 confirms that diverse applications of VR1/2, AR1/2, CG are of interest for study. Potential prioritization/down selection of these applications for evaluation is to be discussed after detailed traffic models and relevant evaluation assumptions are stable.
FFS: other applications, e.g., XR conferencing



The AR use cases and cloud gaming, can be a starting point for the SI due to a corresponding larger market relevance. To reduce evaluation scenarios and expedite alignment, AR can be considered with priority. Additional use cases may not be included for the Rel-17 SI.

Proposal 1: Prioritize the AR applications/use cases for the XR SI. Also consider cloud gaming.


XR applications are interactive and XR requirements for data rates and latency fall between those for eMBB and URLLC applications. Naturally, XR requirements for data rates and latency are also different among the 23 (or reduced 5) use cases. For the traffic model, the parameters to be determined are a distribution for the packet size and the packet arrival rate characteristics/distribution. System level evaluations can then be made for a given BLER and latency targets.

In RAN1#103-e, the following agreements were made for the XR traffic models.
	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 that 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.  



From the XR traffic characteristics in TR 26.928 [2], the traffic periodicity of XR applications to be considered in RAN1 is practically constant. From a RAN1 perspective, that would imply periodic traffic models. SA4 made the following observation [3]. For the value of X, RAN1 can consider the values of 60 and 120 to reflect current and future UE capabilities. 

	[bookmark: _Ref54280499][bookmark: _Ref47732473][bookmark: _Hlk53481603]Observation 1: For XR and Cloud Gaming, 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.



Further, SA4 made the following observation [3]. For RAN1 evaluation purposes, option 1 is applicable - an application level packet can be modeled as a packet for SLS. 
	[bookmark: _Ref54280500][bookmark: _Ref47732475]Observation 2: For XR and Cloud Gaming, 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.



SA4 also consider XR traffic models for RAN1 purposes [4]. One issue that needs to be resolved from the beginning in RAN2 is whether the XR SI considers only DL traffic or both DL and UL traffic. The argument for the former has been that UL data rate requirements at least an order of magnitude smaller than typical DL ones. UL traffic includes both pose and control information (low data rate) but also video (scene update) with data rates of several Mbits/sec. Such requirements have not been considered for eMBB under the latency requirements or for URLLC for the data rate requirements. Therefore, both DL traffic and UL traffic requirements need to be considered for XR although whether to prioritize DL traffic can be further discussed. In general, a UE supporting XR will likely need to support multiple data flows and, at least from a RAN1 perspective, the overall operation substantially resembles a UE supporting eMBB and URLLC services. 

Regarding the PHY layer latency, under the assumption of edge-computing, a ~50% of the end-to-end latency requirements can be assumed for the DL PDB and the UL PDB. A typical value can be 10 msec. 
 
To account for the variable sizes of video packets, several distributions have been considered including a Pareto distribution and a Gaussian distribution that more accurately matches packet arrivals for cloud gaming, with a jitter following a truncated Gaussian distribution. Additional aspects to be considered are the average and maximum packet sizes, the average and maximum jitter, and the standard deviation for the packet size and for the jitter of the corresponding Gaussian distributions. 

The following is proposed base on the previous discussion/analysis.

Proposal 2: For the traffic models for XR evaluations in RAN1, consider the following:
a) Periodic packet arrivals
b) Truncated Gaussian distribution for modeling packet size and jitter
c) Both DL and UL and discuss whether to prioritize UL
d) Conclude in RAN1#104-e on values of periodicity, packet sizes, target BLER, and end-to-end PHY latency, and on whether to concurrently simulate multiple data flows.  


Conclusions
This contribution considered traffic models for XR applications and proposes the following.

Proposal 1: Prioritize the AR applications/use cases for the XR SI. Also consider cloud gaming.

Proposal 2: For the traffic models for XR evaluations in RAN1, consider the following:
a) Periodic packet arrivals
b) Truncated Gaussian distribution for modeling packet size and jitter
c) Both DL and UL and discuss whether to prioritize UL
d) Conclude in RAN1#104-e on values of periodicity, packet sizes, target BLER, and end-to-end PHY latency, and on whether to concurrently simulate multiple data flows.  
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