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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 present initial XR performance results.

XR Performance Results
In addition to the evaluation assumption made during RAN1#103-e, during RAN1#104-e the following agreements were made:
Agreement: adopt following update for TDD configuration for XR/CG evaluation
1. FR1:
0. Option 1: DDDSU
0. Option 2: DDDUU
1. FR2:
0. Option 1: DDDSU
0. Option 2: DDDUU
Detailed S slot format is 10D:2F:2U. Other S slot format(s) can also be optionally evaluated.
Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of  DDDUU.
FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)

Agreements: For XR evaluation, ideal channel estimation can be optionally evaluated.
Agreements:System bandwidth for XR/CG evaluations are as follows.
1. For FR1,
0. Baseline: 100 MHz
0. Optional: 20/40 MHz, 2*100 MHz with CA
1. FR2
0. Option 1: 100 MHz
0. Option 2: 400 MHz
Companies should report the CA setting if CA is adopted.
Other system bandwidth can also be optionally evaluated.

Agreements:For outdoor scenarios, the BS antenna parameters are as
1. Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
1. Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
Company to report the BS antenna parameters for XR/CG evaluation. 
Other BS antenna parameters can also be optionally evaluated.

Agreements:For FR2, UE antenna parameters for XR/CG evaluations are as follows.
1. Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
0. (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
1. Option 2 (from TR 38.802 – developed in Rel-14)
1. 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°
Company to report the UE antenna parameters for XR/CG evaluation. 
Other UE antenna parameters can also be optionally evaluated.

Agreements: For XR/CG evaluation, adopt following assumptions for BS height for Urban Macro
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	BS height
	25m



Agreements:For Dense urban and Urban Macro, the UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873.
	
	
	Urban Micro/Macro cell 
with high UE density
(3D-UMi) /(3D-UMa)

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)




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


Agreements: For Dense urban for XR/CG evaluation, update the agreement in RAN1 #103e for channel model as follows.
1. Dense urban: FR1 and FR2
0. Channel model: UMi UMa. Detailed definition of UMi UMa refers to TR 38.901.
 
Agreements For XR/CG evaluation, adopt 12 degree for downtilt for Dense Urban in FR1.
1. Other downtilt value can also be optionally evaluated

Based on the baseline agreements and working assumptions for the DL and UL XR traffic models, Figure 1 shows the user experienced throughput as a function system load for the FR1 dense urban scenario. The system load is varied by changing the number of users per cell and low/medium/high load corresponds to 10%/25%/60% resource utilization respectively.
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Figure 1. FR1 DL and UL XR Traffic Model performance as a function of system load
Additionally, Figure 2 shows the user experienced throughput as a function system load for the FR2 dense urban scenario. The system load is varied by changing the number of users per cell and low/medium/high load corresponds to 7%/13%/37% resource utilization respectively.
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Figure 2. FR2 DL and UL XR Traffic Model performance as a function of system load

Although these results are preliminary, some observations can already be obtained. For example, the range in performance varies significantly between DL and UL due to the different traffic models even at comparable resource utilization values. Interestingly FR1 outperforms FR2 in the DL for low and medium loads, but not in the case of the high load scenario, which indicates that congestion/interference limits the number of satisfied XR users more quickly in FR1 compared to FR2. 
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. 
Observation 1: For a given traffic model and deployment scenario, FR1 and FR2 performance can vary significantly depending on the offered load and number of simultaneous users.

In addition, the UL performance in FR2 is significantly better than for FR1 and is not sensitive to traffic load, unlike FR1. This can be partially explained by the latency gains with the use of mini-slots in FR2 compared to FR1 as well as reduced interference due to beamforming at the UE. 
This highlights as a practical consideration, 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. 
Observation 2: Optimizing XR performance for DL and UL jointly, especially in the context of multi-connectivity may be beneficial to support different tradeoffs for FR1 and FR2 deployments.

Conclusion
In this contribution, we provided initial performance evaluations for XR over NR. We made the following observations:
Observation 1: For a given traffic model and deployment scenario, FR1 and FR2 performance can vary significantly depending on the offered load and number of simultaneous users.
Observation 2: Optimizing XR performance for DL and UL jointly, especially in the context of multi-connectivity may be beneficial to support different tradeoffs for FR1 and FR2 deployments.
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