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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.
XR Evaluations
The following was agreed in RAN1#104-e:
· Per UE KPI 
· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. 
· The exact value of X is FFS, e.g., 99, 95 
· FFS different values for I-frame and P-frame if evaluation of them is agreed. 
· Other values can be optionally evaluated

While the baseline assumptions are certainly important for highlighting XR performance in an isolated scenario, in practical deployments a UE may have multiple data flows and the network may need to make tradeoffs in terms of resource allocation and configurations between multiple factors considering overall system capacity, DL vs. UL, and users with different QoS requirements, etc [2]. One way to capture this is to extend the baseline definition such that it covers the multiple data flows (e.g. M1=2 and M2=2) jointly across the DL/UL such that a UE is satisfied if for each DL and UL traffic flow more than X_flow (%) of packets are successfully transmitted within the air interface PDB of the given flow.  
Proposal 1: Update the Per UE KPI definition to include multiple traffic flows across the DL/UL:
· Per UE KPI 
· A UE is declared a satisfied UE for each DL and UL traffic flow more than X_flow (%) of packets are successfully transmitted within the air interface PDB of the given flow.  
· The exact value of X_flow is set independently for each DL and UL traffic flow, e.g. 95/99/99.999% 

One key remaining open issue regarding XR performance evaluation assumptions is the relation between DL and UL capacity evaluations. The following was agreed in RAN1#104-e:

Agreements:At least for XR/CG capacity evaluation, for DL and UL 
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together 
· FFS details both the baseline and the optional evaluations

Given that the emphasis of the XR study is on TDD bands in FR1 and FR2 and the baseline assumption is for DL heavy TDD configurations, but in these bands UL is the limiting factor for coverage, there is a clear tradeoff between DL throughput and UL coverage. As a result, in addition to per-UE KPIs and DL/UL system capacity, resource utilization and overall system capacity can be reported to give insight into the impact on the system when XR UEs with DL and UL traffic are simultaneously active in the network.
Proposal 2: In case DL and UL performance are evaluated together, overall system resource utilization and capacity should be reported in addition to DL-specific and UL-specific metrics.

Conclusion
In this contribution, we discussed XR deployment scenarios and KPIs. We made the following proposals.
Proposal 1: Update the Per UE KPI definition to include multiple traffic flows across the DL/UL:
· Per UE KPI 
· A UE is declared a satisfied UE for each DL and UL traffic flow more than X_flow (%) of packets are successfully transmitted within the air interface PDB of the given flow.  
· The exact value of X_flow is set independently for each DL and UL traffic flow, e.g. 95/99/99.999% 
Proposal 2: In case DL and UL performance are evaluated together, overall system resource utilization and capacity should be reported in addition to DL-specific and UL-specific metrics.
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