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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 was delayed according to the delay of the standardization progress in RAN1 due to the COVID-19 situation. And RAN1 has started the study item work from RAN1#103-e meeting [3], where the work is initially focused on the evaluation assumptions including XR applications, traffic model and evaluation methodology.
In this paper, we discuss how to proceed with the study item especially in the perspective of traffic model for XR operation in NR.

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
During RAN1#103-e meeting, the following was agreed regarding XR applications to be studied for RAN1 study item.
	Agreement 1. 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


Since the applications of XR agreed for RAN1 study is already diverse, it seems unrealistic to add more applications in RAN1 study considering relatively slow standardization progress in both RAN1 and SA4 due to electronic meeting environments. While it is up to each company’s interest whether to study additional applications on top of the applications agreed in RAN1#103-e for further information for the study, it is recommended not to add additional XR applications for RAN1 study.
Proposal 1: Not to include additional XR applications for RAN1 study than XR applications agreed in RAN1#103-e, e.g., VR1/2, AR1/2 and CG.
In the XR applications agreed in RAN1#103-e for RAN1 study, 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 1: 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 2: If prioritization for study among XR applications is necessary, AR1/2 should be prioritized over other XR applications.

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
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Figure 1. System design model for the assessment of XR traffic model for XR service with raster-based split rendering
In the latest progress in SA4, system design for VR2 (split rendering), viewport dependent streaming (VR1) and cloud gaming are agreed in general [4]. For AR1/2, several options for system design is still under discussion. As explained above, SA4 will define traffic models based on the system design assumption, but the discussion has not reached the stage of conclusion for traffic model. In reality, it is not yet clear what kind of traffic model will be defined by SA4 and delivered to RAN1. So far, the following seems to be the ongoing discussion in SA4 related to cooperation with RAN1 on the traffic model [5].
	4) The RAN simulator receives sequences/traces of packets at a given time and of a specified size. The packets may have additional metadata assigned that can potentially be used by the radio simulator. The packet sequences are provided for multiple users and should reflect statistics.
5) The RAN simulator provides packet traces after delivery that reflect the occurred delays and losses for each user.


In RAN1 perspective, the following was agreed in RAN1#103-e meeting regarding traffic model [3].
	Agreement 2. 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.  


While it is desirable to define XR traffic model based on traditional statistical approach as in the agreement above, to expedite RAN1 study, it may be necessary to communicate with SA4 on what kind of input that RAN1 expects and SA4 can provide to RAN1.
Observation 2: it may be necessary to communicate with SA4 on what kind of input RAN1 is expecting from SA4 and what kind of input SA4 can provide to RAN1 regarding XR traffic model.
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1. Summary
In this paper, we discussed how to proceed with the study item especially in the perspective of XR traffic model. The observations and proposals in this paper are summarized as below.
Proposal 1: Not to include additional XR applications for RAN1 study than XR applications agreed in RAN1#103-e, e.g., VR1/2, AR1/2 and CG.
Observation 1: 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 2: If prioritization for study among XR applications is necessary, AR1/2 should be prioritized over other XR applications.
Observation 2: it may be necessary to communicate with SA4 on what kind of input RAN1 is expecting from SA4 and what kind of input SA4 can provide to RAN1 regarding XR traffic model.
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