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Introduction
Rel-17 study item on XR evaluation for NR was approved at RAN#86 meeting [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 



RAN1 has initiated the study item in RAN1 meeting 103e and the agreements were made and captured in [2]. Furthermore, SA WG4 has made some progress in order to provide relevant detailed input to RAN1. The outcome is summarized in LS to RAN1 [5].

In this document we provide our views on XR applications and evaluation assumptions (e.g. traffic models, deployment scenarios) based the recent progress in both RAN1 and SA4.

Discussions

XR Applications


At RAN1#103e, an agreement related to XR application was made [2]:

	Agreement:

XR applications
RAN1 confirms that diverse applications of VR1/2, AR1/2, (XR conference FFS), 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 study item descriptions have listed VR1/2, AR1/2, and CG as the applications to be evaluated in this study item. “XR conferencing” is not mentioned in such list. Thus, we find it confusing to refer to “XR conferencing”, as if it were yet another application. (However, note that conferencing as such is of interest within the AR2 application.)

Proposal 1: RAN1 consider only VR1/2, AR1/2, CG applications as stated in the SID. Remove any mentioning of  “XR conferencing”

Among the five applications that are in scope, uplink video/audio is only used in the AR2 application. SA4 has made recent updates related to AR2 and we consider AR2 should be one of the XR applications that are prioritized during this study item. AR2 requires relatively heavy uplink streaming (e.g. carrying video and audio), simultaneously with downlink traffic.

Proposal 2: RAN1 to prioritize AR2 application in this study item.

On conversational XR (AR2), SA4 has made further progress by defining the parameters for conversational XR traffic simulation. The details can be found in [4], [5]. Note that SA4 deliver their traffic description in two ways:
1) High-level parameters such as bitrate and frame rate. These are available from SA4 for all media streams in all applications. 
2) IP packet traces (packet size/timing data from simulations of XR media systems). Such traces are not available for all media streams in all applications.

Some high-level parameters are specifically tied to uplink (video) encoder, audio encoder, and data stream. For example: UL encoder has rate control of max 10/20 Mbps, audio average data rate 500 Kbps, and data stream for UL/DL is with average data rate less than 500 Kbps. For the link level simulation that typically is performed in RAN1, the application data characteristics from upper layers will be converted into package-level traffic descriptions, e.g. using statistical models. Furthermore, it will be in a form of transport block in physical layer level. Hence, RAN1 may need to derive traffic model parameters that can be used for the evaluation in RAN1 level.

Apart from data rate parameters, there are some other parameters that can be considered, at least the following parameters:
· Packet loss rate < 10^-3
· Inter-frame time
· End-to-end delay budget

Proposal 3: RAN1 needs to derive traffic models and its parameters suitable for physical layer simulation based on higher-layer XR application parameters as identified by SA4.

[bookmark: _GoBack]Inter-frame time of video data or known as frame rate is an important parameter in XR traffic model. It is worth noting that data stream for UL and DL XR traffic can encounter different network environment. For DL XR traffic, if the video data is generated in a node close to the UE (e.g. VR2 with video generated at an edge node), the jitter caused by network is relatively controllable. However, for the DL XR traffic, the video data stream may encounter uncontrollable network jitter (e.g. the VR1 application, if there is no split rendering using a node close to RAN), which results in random variation in inter-frame time from the viewpoint of RAN. As for UL XR traffic, the influence of network jitter is not significant from the viewpoint of RAN. Therefore, the degree of random variation in inter-frame time of UL XR traffic is smaller when compared to that of DL XR traffic in the VR1 application.
 
Observation 1: The degree of random variation in inter-frame time of UL XR traffic is smaller when compared to that of DL XR traffic in the VR1 application. 
 
Proposal 4: RAN1 to decide whether network jitter in XR applications is considered or not in the evaluation assumptions.
 
 



XR Evaluation Assumptions

The following agreements were made at RAN1#103e [2]:

	Agreement:
Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.

Agreement:
System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2




We expect most of XR applications may require the operation with wider bandwidth. In addition to FR1, FR2 should also be considered. In practice, FR2 provides wider frequency allocation than in FR1. Hence, both FR1 and FR2 are equally important. We prefer the study item should evaluate both FR1 and FR2.

Proposal 5: Both FR1 and FR2 are considered as the baseline scenario for the evaluations.

For the system bandwidth in FR2, we consider using 400 MHz as the baseline parameter. We do not have any strong preference in term of optional values.

Proposal 6: The evaluation in FR2 uses system bandwidth 400 MHz as the baseline value. 

As agreed at RAN1#103e, RAN1 should consider to study UE power consumption. We think that further agreements on traffic model as well as results from initial traffic model simulations should be obtained, and then power consumption can be measured and estimated at the later stage. It is important to identify whether the XR performance requirements, particularly on data rate, and latency can be fulfilled during study item. UE power consumption is also another KPI as many use-cases / applications are still operated by UE with limited battery capacity.

Proposal 7: UE power consumption shall be considered as important KPI of this study item.

Summary
In this contribution, we have discussed our view on XR applications and evaluation assumptions. Our observation and proposals are listed below:

Observation 1: The degree of random variation in inter-frame time of UL XR traffic is smaller when compared to that of DL XR traffic in the VR1 application. 

Proposal 1: RAN1 consider only VR1/2, AR1/2, CG applications as stated in the SID. Remove any mentioning of “XR conferencing”

Proposal 2: RAN1 to prioritize AR2 application in this study item.

Proposal 3: RAN1 needs to derive traffic models and its parameters suitable for physical layer simulation based on higher-layer XR application parameters as identified by SA4.

Proposal 4: RAN1 to decide whether network jitter in XR applications is considered or not in the evaluation assumptions.

Proposal 5: Both FR1 and FR2 are considered as the baseline scenario for the evaluations.

Proposal 6: The evaluation in FR2 uses system bandwidth 400 MHz as the baseline value. 

Proposal 7: UE power consumption shall be considered as important KPI of this study item.
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