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1. Introduction
[bookmark: _Hlk30969022]A study item of XR and could game (CG) evaluations for NR was approved in RAN#88e with the following objectives [1]:
	1. [bookmark: _Hlk30969040]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 


To be specific, there are four typical applications suggested as the starting points for this study [1]:
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
In latest RAN1 meetings, there were some discussions on the traffic models and evaluation methodologies. Some pertinent agreements for traffic models and simulation assumptions were made in [2][3][4].
In this contribution, we present some initial evaluation results of the system capacity based on the agreed traffic models and simulation assumptions. 
2. System capacity
In this section, we will show some initial evaluation results of the system capacity in dense urban and indoor scenarios. 
In our simulator, there are some common processing for all evaluation cases:
· When a packet is exceeding the delay, it is still delivered to the other side.
· Equal number of UEs per cell is used for each drop.
· A UE is declared a satisfied UE if more than 99% of packets are successfully delivered within a given air interface PDB
In this contribution, we only evaluate a DL video stream for 60 frame per second (fps). Thus, the corresponding arrival interval of the packets is 16.67ms. The jitter modeling with a range of [-4ms, 4ms] is used to emulate the variance of the packet arrival.
The packet size is generated according to the truncated Gaussian distribution with both upper and lower bounds, where the following parameters are used: [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size.
Evaluation result for dense urban scenario
In this section, we will provide simulation results for dense urban scenario. The details of simulation parameters for dense urban are summarized in the table below.
	Parameters
	Value

	Scenario
	Dense Urban (Uma)
hexagonal layout with (7, 3) Sectors

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Duplex Mode / Simulation bandwidth
	100MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
 (dH, dV) = (0.5λ, 0.85λ)

	UE Antenna Configuration
	4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	Transmit Power
	51dBm

	Antenna Height
	25 m for BS and 1.5 m for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	80% of users are indoor,20%of users are outdoor;

	UE speed
	3km/h

	Scheduling Algorithm
	SU-MIMO+PF

	Channel estimation
	Realist

	BS receiver
	MMSE-IRC



30Mpbs and PDB=10ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 30 Mpbs
· Air interface PDB: 10 ms
The simulation results of system capacity and resource utilization for NR supporting VR/AR DL video stream are shown in Fig.1 and Fig.2, providing the ratio of satisfied UE and PRB utilization, respectively.
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Fig.1: Ratio of the satisfied UE with the PDB of 10ms (30 Mbps) 
[image: ]
Fig.2: DL PRB utilization (30 Mbps)

As shown in Fig.1 and Fig.2, we can observe that :
· The percentage of satisfied UEs will decrease as the number of UEs per cell increases
· The DL PRB utilization will increase as the number of UEs per cell increases.
According to the simulation results shown in Fig.1, we can make the following observations: 
Observation 1: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=10ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 11 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 12 user pers cell

30Mpbs and PDB=15ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 30 Mpbs
· Air interface PDB: 15 ms
The simulation results of system capacity and resource utilization for NR supporting CG DL video stream are shown in Fig.3.

[image: ]
Fig.3: Ratio of the satisfied UE with the PDB of 15ms (30 Mbps)

According to the simulation results shown in Fig.3, we can make the following observations: 
Observation 2: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=15ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 13 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 14 user pers cell

45Mpbs and PDB=10ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 45 Mpbs
· Air interface PDB: 10 ms
The simulation results of system capacity and resource utilization for NR supporting VR/AR DL video stream are shown in Fig.4 and Fig.5, providing the ratio of satisfied UE and PRB utilization, respectively.
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Fig.4: Ratio of the satisfied UE with the PDB of 10ms (45 Mbps)
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Fig.5: DL PRB utilization (45 Mbps)

According to the simulation results shown in Fig.4, we can make the following observations: 
Observation 3: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=10ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 7 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 8 user pers cell

45Mpbs and PDB=15ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 45 Mpbs
· Air interface PDB: 15 ms
The simulation results of system capacity and resource utilization for NR supporting CG DL video stream are shown in Fig.6.
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Fig.6: Ratio of the satisfied UE with the PDB of 15ms (45 Mbps)

According to the simulation results shown in Fig.6, we can make the following observations: 
Observation 4: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=15ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 8 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 9 user pers cell

Evaluation result for indoor hotspot scenario
In this section, we will provide simulation results for indoor hotspot scenario. The details of simulation parameters for dense urban are summarized in the table below.
	Parameters
	Value

	Scenario
	Indoor hotspot 
120m*50m

	Inter-BS distance
	20m

	Carrier frequency
	4GHz

	Duplex Mode / Simulation bandwidth
	100MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) =  (4,4,2,1,1;4,4)
 (dH, dV) = (0.5λ, 0.85λ)

	UE Antenna Configuration
	4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	Transmit Power
	31dBm

	Antenna Height
	3 m for BS and 1.5 m for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE speed
	3km/h

	Scheduling Algorithm
	SU-MIMO+PF

	Channel estimation
	Realist

	BS receiver
	MMSE-IRC


30Mpbs and PDB=10ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 30Mpbs
· Air interface PDB: 10 ms
The simulation results of system capacity and resource utilization for NR supporting VR/AR DL video stream are shown in the following figures, providing the ratio of satisfied UE and PRB utilization, respectively
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Fig.7: Ratio of the satisfied UE with the PDB of 10ms (30 Mbps)
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Fig.8: DL PRB utilization (30 Mbps)

According to the simulation results shown in the figure, we can make the following observations: 
Observation 5: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=10ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 13 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 14 user pers cell

30Mpbs and PDB=15ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 30 Mpbs
· Air interface PDB: 15 ms
The simulation results of system capacity and resource utilization for NR supporting CG DL video stream are shown the following figure.
[image: ]
Fig.9: Ratio of the satisfied UE with the PDB of 15ms (30 Mbps)

According to the simulation results shown in the figure, we can make the following observations: 
Observation 6: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=15ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 15 users per cell
· If 90% of UEs are satisfied (optional), the capacity is 16 user pers cell


45Mpbs and PDB=10ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 45 Mpbs
· Air interface PDB: 10 ms
The simulation results of system capacity and resource utilization for NR supporting VR/AR DL video stream are shown in the following figures, providing the ratio of satisfied UE and PRB utilization, respectively.
[image: ]

Fig.10: Ratio of the satisfied UE with the PDB of 10ms (45 Mbps)
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Fig.11: DL PRB utilization (45 Mbps)

According to the simulation results shown in the figure, we can make the following observations: 
Observation 7: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=10ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 9 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 9 user pers cell

45Mpbs and PDB=15ms
In this simulation, we have the following assumptions
· Average data rate of DL video stream: 45 Mpbs
· Air interface PDB: 15 ms
The simulation results of system capacity and resource utilization for NR supporting CG DL video stream are shown the following figure.
[image: ]
Fig.9: Ratio of the satisfied UE with the PDB of 15ms (45 Mbps)

According to the simulation results shown in the figure, we can make the following observations: 
Observation 8: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=15ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 10 users per cell
· If 90% of UEs are satisfied (optional), the capacity is 10 user pers cell


3. Conclusions
In this contribution, we provide some initial simulation results for XR/CG service in dense urban scenarios and have the following observation: 
Observation 1: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=10ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 11 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 12 user pers cell
Observation 2: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=15ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 13 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 14 user pers cell
Observation 3: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=10ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 7 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 8 user pers cell
Observation 4: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=15ms in dense urban scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 8 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 9 user pers cell
Observation 5: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=10ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 13 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 14 user pers cell
Observation 6: In FR1, for XR/VR DL video stream with 30Mbps @60 fps and PDB=15ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 15 users per cell
· If 90% of UEs are satisfied (optional), the capacity is 16 user pers cell
Observation 7: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=10ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 9 user pers cell
· If 90% of UEs are satisfied (optional), the capacity is 9 user pers cell
Observation 8: In FR1, for XR/VR DL video stream with 45Mbps @60 fps and PDB=15ms in indoor hotspot scenarios
· If 95% of UEs are satisfied (baseline), the capacity is about 10 users per cell
· If 90% of UEs are satisfied (optional), the capacity is 10 user pers cell
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