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Introduction
A Study Item on XR evaluations for NR has been approved in RAN meeting #88e [1] with the following objectives:  
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 
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:
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 
In this contribution, we discuss evaluation methodology for XR simulations, focusing on FR1 vs. FR2.
XR Evaluations
As part of the RAN1 XR study, of equal importance to the definition of use cases and traffic characteristics are the deployment scenarios and metrics or KPIs used to evaluate system/user performance. It is important that wide area cellular networks can support XR use cases and this may include a range of environments including dense urban, suburban, transit/shopping centers, and parks/open spaces as well as a mix of wearable and standalone devices. As a result, there should be an equal prioritization between FR1 and FR2 when it comes to outdoor deployment scenarios included in the evaluations as different requirements and insights into XR performance may be obtained for the different frequency bands.
We illustrate this in Figure 1 below where we provide system-level simulation results for an Urban Macro deployment with 100MHz BW and all outdoor users for both FR1 and FR2. 
[image: ]
Figure 1. SINR distribution for Urban Macro, all outdoors, FR1 vs. FR2

The figure shows that due to the high density and all outdoor nature of the users in the deployments, at high SINR both FR1 and FR2 provide similar SINR distributions, however at mid to low- SINR ranges, FR2 outperforms FR1 due to the inter-cell interference suppression achieved by the narrow beamforming. This is an important observation especially given the expected highly dynamic nature of XR traffic in a dense environment where multiple users are interacting with content simultaneously. 
Proposal 1: Equal priority is given to evaluation of FR1 and FR2 deployment scenarios.

Figure 2 illustrates the impact of FR1 and FR2 on the user perceived throughput (UPT) using a preliminary XR traffic model candidate detailed in [1]. In this example, FR1 users are using 1080p@30Hz content, while FR2 users are using 4K@60Hz content. 
[image: ]
Figure 2. UPT distribution FR1 (1080p@30Hz XR traffic) vs. FR2 (4K@60Hz XR traffic)

It is  interesting to observe that although the SINR curves are similar and bandwidths between FR1 and FR2 equal, FR2 is able to sustain much higher overall system load (higher resolution and more frequent packet arrivals) without any significant impact on UPT, and even outperforms FR1 at the 90%. This highlights the tradeoffs between frequency bands since in less dense environments with indoor users, coverage instead of capacity may be the main limiting factor. Evaluations of XR may want to consider different traffic model parameters/characteristics corresponding to different XR services or offered loads depending on the frequency band. 
Proposal 2: The study should include evaluation of different traffic model parameters/characteristics and offered loads for FR1 and FR2.

In addition, a practical consideration is the need to consider multi-connectivity between FR1 and FR2 for devices which support XR services since it provides service continuity and robustness inside and outside high capacity hotspots so evaluations for different frequency bands should not be done in total isolation. 
Proposal 3: The study should include multi-connectivity and mobility scenarios evaluating service continuity and robustness for XR applications.
Conclusion
In this contribution, we discussed the XR applications of interest and the corresponding deployment scenarios and KPIs. We made the following proposals.
Proposal 1: Equal priority is given to evaluation of FR1 and FR2 deployment scenarios.
Proposal 2: The study should include evaluation of different traffic model parameters/characteristics and offered loads for FR1 and FR2.
Proposal 3: The study should include multi-connectivity and mobility scenarios evaluating service continuity and robustness for XR applications.
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