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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 XR applications of interest, and we identify the corresponding evaluation methodology and KPIs. The discussion on traffic models needed for such applications is deferred to future meetings to benefit from guidance of the ongoing SA4 item.
XR Applications 
Extended reality applications of interest can be broadly divided into three application categories: enterprise applications, consumer applications and mission critical applications. These broad categories involve, among others, all five rendering and media architecture applications detailed in TR26.928 and selected to be the focus of this SI.
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming

Enterprise applications such as industrial automation, factory management and maintenance and remote training encompass XR use cases such as XR multimedia streaming, XR conversational, XR cloud gaming, AR guided assistance at remote locations, AR animated avatar calls, shared spatial data, etc. 
Similarly, first responders can benefit from XR applications in mission critical situations, such as firefighters responding to a fire emergency using AR guided assistance and shared spatial data to locate shutoff valves or victims at burning buildings. Similarly, a police team member can benefit from XR conversational technology and viewport-dependent streaming to locate and collaborate with other first responders.  
Among the XR consumer applications such as shopping and retail experiences, immersive stadium experiences, AR animated avatar calls, use cases requiring XR multimedia streaming, spatial audio multiparty calls Realtime XR sharing, etc. are ubiquitous.

Proposal 1: Confirm the XR and cloud gaming applications in the SI for XR evaluations

These XR applications, irrespective of the media architecture and the location of the rendering, rely on key enablers for 5G support, as shown in Figure 1. 
[image: ]
Figure 1. 5G XR enablers

The first enabler is edge cloud computing and storage. Depending on the location of the rendering, the device and the network will need to exchange frequent updates to carry out the XR experience. This has an effect on the latency and the reliability of the DL and UL XR stream. 
Another main enabler is spatial mapping and localization. Establishing the position of the users and objects within the space is crucial for the delivery of good AR experience in particular and XR in general. Depending on the use case, this position will be frequently shared by the user to the server, and this position update needs to be taken into account when defining KPIs and UL traffic models. Furthermore, NR positioning evaluations and enhancements are important items to keep in mind when discussing the deployment scenarios and requirements of the XR delivery; deployment scenarios identified in TR 38.855 [2] can be a good starting point for XR evaluations

Proposal 2: NR positioning evaluations and enhancements should be taken into account when discussing XR use cases requirements
Deployment Scenarios and KPIs
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. Broadly speaking, there are two main categories of deployment scenarios of interest: outdoor and indoor deployment scenarios.

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 outdoor deployment scenario included in the evaluations and the dense urban micro (UMi) for FR2 and UMa for FR1 may be good candidates which can map to practical deployment environments. In addition, multi-connectivity between FR1 and FR2 is expected to be supported 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: Outdoor deployment scenarios are included for XR evaluations. At least a dense urban UMi scenario with 100% outdoor users for FR2 and a UMa scenario with both indoor and outdoor users for FR1 should be considered.
For some use cases, indoor environments are more suitable and have different characteristics in terms of user density and network deployment compared to outdoor environments. The indoor deployments should try to cover a range of scenarios including factories, enterprise campuses, venues, and residences. In common with the outdoor deployment, multi-connectivity leveraging wide-area and hotspot RAN access points across FR1 and FR2 should be considered.
Proposal 4: An indoor deployment scenario is included for XR evaluations. At least the clustered/hotspot user dropping within the InH scenario for both FR1 and FR2 should be considered.

As part of  the KPIs considered in the study, it should be straightforward to include basic QoS-aware metrics such as latency and reliability. Tracking the percentage of packets within DL and UL packet delay budgets (PDB) should be included as well as the packet error rate (PER) which may be use-case or traffic model dependent. In addition, at least for outdoor scenarios, coverage and service continuity should also be captured in the KPIs. For coverage this could include the percentage of users experiencing data rates within a range (e.g. 100Mbps-1Gbps depending on the traffic model) and SINR distribution of users which may be a proxy for impact on the ability to provide sufficient coverage/mobility for XR services.
Proposal 5: The following KPIs should be considered as part of the study:
· Percentage of packets within a DL/UL packet delay budget
· Packet error rate
· User perceived throughput distribution
· User SINR distribution

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: Confirm the XR and cloud gaming applications in the WI for XR evaluations
Proposal 2: NR positioning evaluations and enhancements should be taken into account when discussing XR use cases requirements
Proposal 3: Outdoor deployment scenarios are included for XR evaluations. At least a dense urban UMi scenario with 100% outdoor users for FR2 and a UMa scenario with both indoor and outdoor users for FR1 should be considered.
Proposal 4: An indoor deployment scenario is included for XR evaluations. At least the clustered/hotspot user dropping within the InH scenario for both FR1 and FR2 should be considered.
Proposal 5: The following KPIs should be considered as part of the study:
· Percentage of packets within a DL/UL packet delay budget
· Packet error rate
· User perceived throughput distribution
· User SINR distribution
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