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1. Introduction
In RAN#86 meeting, RAN1 Rel-17 study item was approved for XR evaluation for NR [1]. The objective of the study item is as follows.
	The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. 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 
 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 


As shown in the objective above, traffic model for the performance evaluation in the RAN1 study item should be based on the output of SA WG4, where XR system design model and the corresponding traffic model are under development in the study item ‘Feasibility Study on Typical Traffic Characteristics for XR Services and other Media’ [2].. In this study item, the information, such as content format, codecs and protocol, for XR service and traffic characteristics on IP uplink and downlink in terms of packet sizes, and temporal characteristics is in under study. The following XR services have been studied as initial services, but not limited to
· Viewport independent Streaming
· Viewport dependent Streaming 
· Raster-based Split Rendering 
· Cloud gaming
· MTSI-based XR conversational services
Start of the RAN1 study item has been delayed according to the delay of the standardization progress in RAN1 due to the COVID-19 situation. In RAN#89-e meeting, it was agreed to ‘slow-start’ RAN1 study item on XR evaluation for NR mainly focusing on the XR applications, traffic model and evaluation methodology.
In this paper, we discuss how to proceed with the study item in the perspective of applications, deployment scenarios, traffic model and the potential KPIs for the evaluation.

1. Discussion
Applications for XR evaluation
The following application areas are under development for XR standardization in SA WGs and the SA4 study item is developing system design model and traffic model for these applications
· 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 the applications above, VR1/2 and CG consist of multi-media services which are supported by enhancement to the traditional 2-D video codec. On the other hand, AR1/2 includes richer services such as offline sharing of 3D objects, real-time XR sharing, XR mission critical, XR conference, spatial audio multiparty call, etc., which are key services to differentiate 5G communication system from legacy one. Therefore, AR1/2 should be considered as essential applications for evaluation of XR for NR.
Observation: AR1 and AR2 are essential applications for XR in 5G ecosystem while VR1, VR2 and CG applications can be considered as extension of traditional multi-media services.
Proposal: Classify AR1 and AR2 as essential applications in the RAN1 Rel-17 study item for evaluation of XR for NR.

Traffic model for XR evaluation
As clarified in the objective part of the RAN1 study item, RAN1 evaluation of XR should be based on the traffic model of XR specific applications, which is also under study in SA4 as a separate study item [2]. The objective of the SA4 study item is to collect and document traffic characteristics including different XR services, In the SA4 study item, traffic model for each XR application will be assessed based on the system design model to be defined for each XR application. For this purpose, SA4 is developing system design model and the corresponding system parameters for each XR application. For example, figure 1 illustrates a system design model developed for VR applications with Raster-based Split Rendering which is classified as VR2 in RAN1 study. Raster-based split rendering refers to the case where the XR Server runs an XR engine to generate the XR Scene based on information coming from an XR device. The XR Server rasterizes the XR viewport and does XR pre-rendering
[image: cid:image001.png@01D681EF.B1FCCD30]
Figure 1. System design model for the assessment of XR traffic model for XR service with raster-based split rendering
[bookmark: _GoBack]So far, SA4 has discussed system design model for XR services including VR1, VR2 and CG [3] and planned to finalize traffic model for those applications until March 2020. Currently, SA4 has tentatively discussed the system design for VR1 and VR2, that is, viewport dependent 3DOF streaming and raster-based split rendering. These applications are assumed to use AVC/HEVC as video codec which is mostly reusing traditional 2-D video encoder. Traffic model to be developed by SA4 is not directly interpreted as over-the-air traffic model for RAN1 evaluation. Nevertheless, It is expected RAN1 can achieve information such as application frame periodicity, distribution of the frame size, etc. which are necessary to develop over-the-air traffic model for evaluation in RAN1. Therefore, any assumptions on the traffic model for RAN1 study item should be based on the communication with SA4.
Proposal: Any assumptions on the traffic model for the evaluation in RAN1 should be based on the communication with SA4.
Specifically, for AR1 and AR2 applications, 3-D content representation, e.g., 3-D meshes, point clouds, can be mainly used more than traditional 2-D video. Moreover, AR1 and AR2 applications need to consider the downlink and uplink streaming of any media type beyond 2-D video. Therefore, traffic characteristics for AR1 and AR2 will be much different from that of VR1 and VR2 due to more various content formats and different service characteristics. System model and traffic characteristics for AR1 and AR2 (and CG) are still under consideration in SA4 study item, but not discussed yet. Nevertheless, for meaningful output of the RAN1 study item, traffic model for AR1 and AR2 should be included in the final RAN1 evaluation since they are core applications for XR in 5G ecosystem.
Observation: Traffic model for AR1 and AR 2 applications can be much different from that for other XR applications.
Proposal: RAN1 should develop relevant over-the-air traffic model for AR1 and AR2 applications as well as VR1, VR2 and CG applications based on the output of SA4 study item during the RAN1 Rel-17 study item for evaluation of XR for NR.

Deployment scenarios for XR evaluation
Table 1 shows use cases and potential deployment scenarios for XR applications based on the descriptions in [4]. As shown in the table, XR applications may be deployed in an indoor/low-mobility scenarios in many cases. On the other hand, there will be needs to support both indoor/low-mobility and outdoor/high-mobility scenarios at least for AR2 and CG applications. In the practical point of view, including too many scenarios in the evaluation work may not be desirable especially considering the slow progress in the e-meeting environments. Therefore, indoor/low-mobility scenarios can be prioritized over other scenarios in the study.
Proposal: Prioritize indoor/low-mobility scenarios over outdoor/high-mobility scenarios in the RAN1 Rel-17 study item for evaluation of XR for NR
Table 1. Use cases and deployment scenarios of XR applications
	Applications
	Use cases
	Potential deployment scenarios

	VR1
	XR Multimedia Streaming
	Indoor, low mobility

	VR2
	XR Multimedia Streaming
	Indoor, low mobility

	AR1
	Offline sharing of 3D objects
Real-time XR sharing
XR mission critical
XR conference 
Spatial audio multiparty call
	Indoor/outdoor, low mobility

	AR2
	Real-time XR sharing
XR mission critical
XR conference 
Spatial audio multiparty call
	Indoor/outdoor, low/high mobility

	CG
	Online XR Gaming
	Indoor/outdoor, low/high mobility



KPIs for XR evaluation
As in general system level evaluation, KPIs such as over-the-air throughput, end-to-end delay and outage rate can be considered for the RAN1 evaluation purposes. On the other hand, it is unclear whether satisfaction of key requirements for XR applications can be assessed by those traditional KPIs. Since requirements for XR applications are areas for SA4 discussion, it is important to reflect output of SA4 in defining KPIs and the corresponding requirements for RAN1 evaluation.
Proposal: Definition of KPIs and the corresponding key requirements should be based on the communication with SA4.

1. Summary
In this paper, we discussed how to proceed with the study item in the perspective of applications, deployment scenarios, traffic model and the potential KPIs for the evaluation. To achieve meaningful outcomes from the RAN1 study item, it is important to reflect the core XR applications and the relevant traffic models in the study. The proposals in this paper are summarized as below.
Proposal: Classify AR1 and AR2 as essential applications in the RAN1 Rel-17 study item for evaluation of XR for NR.
Proposal: Any assumptions on the traffic model for the evaluation in RAN1 should be based on the communication with SA4.
Proposal: RAN1 should develop relevant over-the-air traffic model for AR1 and AR2 applications as well as VR1, VR2 and CG applications based on the output of SA4 study item during the RAN1 Rel-17 study item for evaluation of XR for NR.
Proposal: Prioritize indoor/low-mobility scenarios over outdoor/high-mobility scenarios in the RAN1 Rel-17 study item for evaluation of XR for NR
Proposal: Definition of KPIs and the corresponding key requirements should be based on the communication with SA4.
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