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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK41][bookmark: OLE_LINK45]eXtended Reality (XR) and Cloud Gaming (CG) are important media applications enabled by 5G. In RAN#86, a new study item on XR evaluations for NR [1] was approved to identify XR applications, corresponding traffic models, KPIs, and evaluation methodologies, and then carry out performance evaluations. Some initial discussions and agreements have been made in RAN1#103-e on many aspects, e.g. applications, KPIs, and evaluation assumptions/methodologies [2]. 
In this contribution, we provide our initial system level evaluation results based on the agreed evaluation assumptions/methodologies. 
Simulation settings
In this contribution, the DL performance of XR and CG are evaluated. As shown in Table 1, Case 1 is for XR service with the typical downlink bitrate 60 Mbps, and Case 2 is for CG service with the typical downlink bitrate 35 Mbps [3].  A frame rate of 60 FPS (frames per second) is considered for both XR and CG services. The frame arrival interval is 1/60 s=16.67ms. The frame size is assumed to follow truncated Gaussian distribution, where the details are summarized in Table 2. We mainly consider Dense Urban and Urban Macro scenarios with FR1. The overall simulation settings are shown in the Annex.
[bookmark: _Ref60769727]Table 1. Two cases: XR and CG
	Simulation cases
	DL bitrate
	DL Frame Size distribution

	Case 1 (XR)
	60 Mbps
	Truncated Gaussian

	Case 2 (CG)
	35 Mbps
	Truncated Gaussian


[bookmark: _Ref60769959]Table 2. Detailed traffic model of Case 1 (XR) and Case 2 (CG)
	Traffic model
	Case 1 (XR)
	Case 2 (CG)

	Frame size distribution
	Truncated Gaussian
	Truncated Gaussian

	Mean frame size (bits)
	1000200
	583450

	STD of frame sizes (bits)
	100020
	58345

	Packet arrival interval (ms)
	16.67
	16.67


Note that from network transmission perspective, each video frame might be segmented into one or multiple IP packets, and transmitted from the server to the gNB. The size of the IP packets is limited by a maximum MTU (Maximum Transfer Unit) size, e.g. 1500 Bytes. At the gNB, each received packet is packaged into a SDAP/PDCP packet in the SDAP/PDCP layer. The SDAP/PDCP packets are further multiplexed into transmission blocks with or without segmentation in RLC/MAC layer, which are then delivered to physical layer for transmission. One transport block can include payload from multiple IP packets. One IP packet can also be transmitted over one or multiple transport blocks.
To simplify RAN1 evaluation, no frame segmentation is assumed in our simulation. Thus, one video frame results in one packet during simulation. Note that the packet size and packet arrival interval are the same as the frame size and frame arrival interval.
[bookmark: _Ref129681832]Evaluation results for capacity
According to the agreement in RAN1#103-e [2], the capacity of a network is defined as the maximum number of users per cell for which the system’s user satisfaction rate is >= given threshold, where,  is number of users whose traffic requirement is deemed satisfied, and  is the total number of users. Here, we choose the threshold of user satisfaction ratio threshold as 90%. In the simulation, different numbers of users per cell, i.e., 1, 3, 5, 7, 10, 15 and 20, are considered.
Capacity
As discussed in our companion paper [4], XQI is chosen as the KPI and is used to characterize the user experience or XR quality through RAN transmission. The performance requirement of a XR/CG user is deemed to be satisfied if the XQI score >= given threshold. In this subsection, XQI = 70 is chosen as the threshold (the maximum XQI score is 100). 
The initial system level evaluation results for capacity of XR and CG in Dense Urban and Urban Macro are shown as follows.
FR1 Dense Urban
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[bookmark: _Ref60770904]Figure 1. Capacity simulation results (XQI>70) for XR and CG in FR1 Dense Urban
From Figure 1 a), it can be observed that 
i)  For Case 1 (XR) service in FR1 Dense Urban SU-MIMO, the network capacity is 2 users per cell;
ii) For Case 2 (CG) in FR1 Dense Urban SU-MIMO, the network capacity is 5 users per cell. 
From Figure 1 b), it can be observed that, 
i)  For Case 1 (XR) service in FR1 Dense Urban MU-MIMO, the network capacity is 5 users per cell;
ii) For Case 2 (CG) in FR1 Dense Urban MU-MIMO, the network capacity is 16 users per cell. 
It is obvious that the capacity of CG service is larger than XR service since CG service has lower data rate. In addition, for both VR and CG services, the user satisfaction rate degrades with increasing of the number of users per cell. 
[bookmark: _Toc52307816]Observation 1: In FR1 Dense Urban, when XQI threshold is set 70 and the threshold of user satisfaction ratio is 90%, the number of supported users per cell is summarized in Table 3.
Table 3. The number of supported users per cell in FR1 Dense Urban
	No. of supported users
	XR
	CG

	SU-MIMO
	2
	5

	MU-MIMO
	5
	16


FR1 Urban Macro
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[bookmark: _Ref60770961]Figure 2. Capacity simulation results (XQI>70) for XR and CG in FR1 Urban Macro
From Figure 2 a), it can be observed that 
i)  For Case 1 (XR) service in FR1 Urban Macro SU-MIMO, the network capacity is 1 users per cell;
ii) For Case 2 (CG) in FR1 Urban Macro SU-MIMO, the network capacity is 4 users per cell. 
From Figure 2 b), it can be observed that, 
i)  For Case 1 (XR) service in FR1 Urban Macro MU-MIMO, the network capacity is 3 users per cell;
ii) For Case 2 (CG) in FR1 Urban Macro MU-MIMO, the network capacity is 10 users per cell. 
It is obvious that the capacity of CG service is larger than XR service since CG service has lower data rate. In addition, for both VR and CG services, the user satisfaction rate degrades with increasing of the number of users per cell. 

Observation 2: In FR1 Urban Macro, when XQI threshold is set 70 and the threshold of user satisfaction ratio is 90%, the number of supported users per cell is summarized in Table 4.

Table 4. The number of supported users per cell in FR1 Urban Macro
	No. of supported users
	XR
	CG

	SU-MIMO
	1
	4

	MU-MIMO
	3
	10



Impact of XQI on capacity
In this section, we present the simulation results of two XQI threshold, i.e., XQI>60 and XQI>70. Higher XQI threshold indicates better user experience, and also needs more stringent requirement.
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Fig. 3  Capacity simulation results under different XQI requirement for XR and CG in FR1 Dense Urban
From Fig. 3 a), it can be observed that i) for Case 1 (XR) service in FR1 Dense Urban SU-MIMO, the network capacity of user requirement XQI>60 is 3 users per cell, which is 50% higher than that of XQI>70, ii) for Case 2 (CG) in this scenario, the network capacity of XQI>60 is 7 users per cell, which is 40% higher than that of XQI>70. As shown in Fig. 3b, for Case 1 (XR) service in FR1 Dense Urban MU-MIMO, the network capacity of XQI>60 is 8 users per cell, 60% higher than that of XQI>70, while for Case 2 (CG) in this scenario, the network capacity is 18 users per cell, 12.5% higher than that of XQI>70. 
Observation 3: The system capacity depends on the user requirement of perceived experience. A more relaxed user experience requirement leads to higher system capacity.  
[bookmark: _GoBack]
Conclusions
In this contribution, initial system level evaluation results of the scenario of FR1 dense urban and the scenario of FR1 urban macro for XR and CG service are discussed with the following observations:
Observation 1: In FR1 Dense Urban, when XQI threshold is set 70 and the threshold of user satisfaction ratio is 90%, the number of supported users per cell is summarized in Table 3.
Table 3. The number of supported users per cell in FR1 Dense Urban
	No. of supported users
	XR
	CG

	SU-MIMO
	2
	5

	MU-MIMO
	5
	16


Observation 2: In FR1 Urban Macro, when XQI threshold is set 70 and the threshold of user satisfaction ratio is 90%, the number of supported users per cell is summarized in Table 4.
Table 4. The number of supported users per cell in FR1 Urban Macro
	No. of supported users
	XR
	CG

	SU-MIMO
	1
	4

	MU-MIMO
	3
	10


Observation 3: The system capacity depends on the user requirement of perceived experience. A more relaxed user experience requirement leads to higher system capacity.  
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Annex-Simulation settings
Table I. System level simulation assumption for FR1 DL Scenario1 and Scenario2
	Parameter
	Value

	Scenarios
	Scenario-1: Dense Urban
	Scenario-2: Urban Macro

	Layout
	21cells with wraparound
ISD: 200m
	21cells with wraparound
ISD: 500m

	Carrier frequency
	4.0 GHz

	Bandwidth 
	100 MHz 

	Subcarrier spacing
	30 KHz

	Frame structure
	Option 1: [DDDDU DDDDU]

	Inter Site Distance
	200m
	500m

	BS Antenna height
	25m

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 4R: (1,2,2,1,1;1,2)

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	TX Power
	BS : 44 dBm per 20MHz
	BS : 49 dBm per 20MHz

	UE Power class
	23dBm

	Noise Figure
	BS:5 dB, UE:9 dB

	Schedulingr
	SU-MIMO Proportional Fair/MU-MIMO Proportional Fair

	Max MCS
	256QAM

	Device deployment
	80% indoor, 20% outdoor

	UE speed
	3 km/h

	Performance Metric
	XQI score equal to or larger than a threshold

	Channel Estimation 
	Ideal
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