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Introduction
In RAN#86 [1], XR SID was agreed for Rel-17.  The objective of this study item is as follows:
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 
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 RAN#103e-meeting [2], general simulation consumption and definition of system capacity for XR/CG performance evaluation were agreed. 
Agreement:
Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.
Agreement:
For XR/CG evaluation, adopt the following assumptions for downtilt 
·         For XR/CG evaluation, adopt the following assumptions for downtilt
· Dense Urban
· FFS: 6 or 12 degree
· Other downtilt can be optionally evaluated.
· Indoor hotspot
· 90° (pointing to the ground)
Other downtilt can be optionally evaluated
 
Agreement:
System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2
Agreement:
For outdoor scenarios, the baseline BS antenna parameters are as follows.
· FFS FR1, 
· Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
· Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.85λ)
· FR2:
· 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
Other configurations can be optionally evaluated.
 
Agreement:
UE antenna parameters for XR/CG evaluations are as follows
· FR1:
· Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
· Optional: 4T/4R, 1T/2R, 2T2R
· FFS FR2: down-selection between the next two options. Please indicate if you have preference.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 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°
Other FFS is whether or not ideal channel estimation is optional.

Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations
Agreement:
· RAN1 continues to discuss evaluation methodologies for UE power consumption and system capacity.
· RAN1 is to discuss whether/how to study/evaluate mobility and coverage at a later stage, e.g., starting from Q1 2021.

 In RAN#89 e-meeting [2], the scope of RAN1 e-meeting would focus on applications and evaluation methodology including identification of KPIs of interest for relevant deployment scenarios. In our contributions [3] and [4], we have discussed the traffic model and evaluation methodology. According to these, this contribution presents the initial performance evaluation results, including capacity and power in indoor and dense urban scenarios.
Performance results
In this section, the preliminary simulation results are provided based on agreed simulation assumption, including system capacity and power consumption. Furthermore, the latency, reliability, throughput and the power consumption are evaluated.
Simulation assumptions
Simulation scenario
In RAN1#103e, some optional simulation parameters for XR/CG performance evaluation are agreed. The simulation assumption adopted at the contributions is demonstrated at Table 1.

Table 1: Simulation scenario parameters
	Scenario
	Indoor hotspot
	Dense Urban

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12
	21 cell with wraparound
ISD：200m

	Carrier frequency
	FR1:4GHz
	FR1:4GHz


	Bandwidth
	FR1:100MHz
	FR1:100MHz


	Subcarrier spacing
	FR1: 30 kHz
	FR1:30kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB
	FR1: 5 dB


	UE noise figure
	FR1: 9 dB
	FR1: 9 dB

	BS receiver
	MMSE-IRC
MMSE-IRC

	UE receiver
	

	UE speed
	3 km/h

	Channel estimation
	Realistic

	MCS
	Up to 256QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi
	3-sector antenna radiation pattern, 8dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,
	FR1: Omni-directional, 0 dBi,


	TX power 
	gNB: FR1: 24dBm/20MHz;

	gNB: FR1:44dBm/20MHz
UE: 23dBm

	gNB antenna configuration 
	gNB:
· FR1:32TX, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ

	gNB: 
· FR1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) , (dH, dV) = (0.5λ, 0.5λ)

	UE  antenna configuration
	UE: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ


Simulation assumptions for power
TR 38.840 is reused to access the power for XR performance evaluation. The power consumption model of FR1 for XR performance evaluation is shown at Table 2.
Table 2: Power consumption model for XR performance evaluation
	Power state
	Relative Power

	Micro Sleep
	45

	PDCCH_only
	100

	PDCCH+PDSCH
	300



Traffic model
Traffic arrived at XR sever/device periodically and transported jittery to RAN. Packet size follows the Gaussian distribution. The additional delay is considered as a variable followed Pareto distribution. The detailed traffic parameters for XR evaluations are shown in Table 3.
Table3: Traffic parameters for XR evaluations
	Parameters
	Model 1
	Model 2

	Mean packet size
	208Kbyte
	104Kbyte

	Std value for packet
	26Kbyte
	13Kbyte

	Min packet value
	46 byte
	46byte

	Packet generated period
	17ms
	17ms



KPI
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]The performance evaluation results have considered requirements of latency, reliability, throughput and power. These requirements related performance indexes are defined in [3]. For RAN1 evaluation, the performance index of latency requirement of XR services is defined as latency of L2 PDU throughput Uu link, i.e., air interface latency, the transmission block error rate (BLER) is the performance index of reliability requirement of XR services, and the performance index of throughput requirement is the user perceived throughput (UPT). The Key Performance Indexes (KPIs) are the index of the system performance for XR services, including capacity, power and system performance metrics, RU and SCT. For system capacity, it could be defined that the cell capacity which is the number of UE supported which satisfies the XR services requirements. In RAN#103-e, it is agreed that:
Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations

The exact ‘satisfied’ requirements need to consider throughput, latency and reliability at the same time. For example, the satisfied UE’s throughput should meet the throughput requirement. Latency and reliability are similar with throughput.
Simulation results
In the section, we provide evaluation results of XR service based on the simulation assumptions and traffic model described in section 2.1 and 2.2.
Indoor Hotspot
We simulate the performance of XR service based on traffic model 1 in Table 3 in FR1 Indoor Hotspot scenario. Taking discontinuous reception (DRX) as an example, the potential power gain and capacity reduction caused by the power saving scheme are analyzed. 
2.4.1.1 System capacity
The capacity is defined as the max number of UE per cell when 90% UEs satisfy requirements. A UE which meet the requirements of 95% of MAC latency exceed 2.5ms, BLER below 10e-3 and average UPT exceed 166.4 Mbps is deemed to be a ‘satisfied’ UE. The exact values of latency and BLER bounds refer to the output from SA2 [5], the value of UPT bound is determined by the bit rate of traffic. 
· FR1 
The latency, TB successful rate and UPT of XR service for FR1 under different system load is described at Figure 1, 2, and 3. From these results, it could be observed that the percentage of satisfied air interface latency requirement and the TB successful rate remain 100% as the system load increases to 10 UEs per cell.   The average UPT remains steady at the 220.2Mbps.

Figure 1: Latency performance under different system load

Figure 2: TB successful rate under different system load

Figure 3: Average UPT of all UEs under different system load
Figure 4 shows the percentage of ‘satisfied’ UEs under different system load with baseline configuration and DRX. The percentage of satisfied UEs remains steady as the system load increases to 10 UEs per cell.  The percentage is slightly reduced by the DRX configuration. The capacity is at least 10 UEs per cell. 


Figure 4: The percentage of satisfied UE under different system load with baseline and DRX configuration
[bookmark: _Hlk61896899]Observation1: For XR traffic in FR1 indoor scenario, the average UPT, TB successful rate and percentage of UE that satisfied air interface delay budget remain steady when system load increases from 2 to 10 UEs per cell. 
Observation2: For XR traffic in FR1 indoor scenario, the max number of UE per cell is at least 10 when 90% UEs meet the requirements of latency, reliability and throughput.
Observation3: For XR traffic in FR1 indoor scenario, the system capacity for XR service with DRX is slightly degraded compared to that of the baseline configuration when there are 10 UEs per cell.
2.4.1.2 UE Power consumption
In the section, power performance result of XR service is displayed. Figure 5 describes the average power consumption under different system load with normal reception. Figure 6 describes the average power consumption under different system load with DRX. The DRX adopts configuration of 10ms DRX cycle, 5ms On-DurationTimer and 1ms InactivityTimer. 
· FR1

Figure 5: UE power consumption with different system loads 

Figure 6: UE power consumption over slot under different system load with DRX
From the results, it could be observed that the baseline UE power consumption for XR service is around 129.2 units at 100Mbps bit rate. Compared with power consumption of baseline configuration, the UE power consumption with DRX can reduce 11.08%~16.39%, which the power saving gain is from the reduction of unnecessary PDCCH power consumption. 
Observation 4: UE power consumption for XR service is around 129.2 units at 100Mbps bit rate.
Observation 5: The DRX configuration can achieve 11.08%~ 16.39% power saving gain for XR service, where the power saving gain is from the reduction of PDCCH monitoring. 
2.4.1.3 System performance metrics 
Figure 7 describes the service cell throughput under different system loads. Figure 8 shows the resource utilization (RU) under different system loads. 
· FR1 

Figure 7: SCT under different system load for FR1

Figure 8: RU under different system load for FR1
From Figure 7 and 8, it could be observed that the SCT and RU increase as the system load increases for XR service operation in FR1. While the system load is from 2 UEs per cell up to 10 UEs per cell, the SCT is from 146.29Mbps to 726.4Mbps for FR1. The RU is from 27.4% to 75.4% for FR1.
Dense Urban
We simulate the performance of XR service operation in FR1 based on traffic model 2 in Table 3 in Dense Urban scenario. 
1.1.1.1 Capacity
 A UE which meets the requirements of 95% of MAC throughput, latency exceeding 2.5ms, BLER below 10e-3 and average UPT exceeding 83.2 Mbps is deemed to be a ‘satisfied’ UE. The UPT bound is determined based on the traffic characteristics.
· FR1 
The latency, TB successful rate and UPT of XR service at DU scenario for FR1 under different system load are shown in Figure 9, 10, and 11. From results in Figure 9, 10 and 11, it could be observed that the percentage of UEs satisfied air interface latency requirement remains 100% as the system load increases to 8 UEs per cell. The TB successful rate remains 100%. The average UPT is around 317.7Mbps.


Figure 9: Latency performance under different system load


Figure 10: TB successful rate under different system load


Figure 11: Average UPT of all UEs under different system load
Figure 12 shows the percentage of ‘satisfied’ UE under different system load with normal reception. The percentage of satisfied UE remains steady as the system load increases, and the capacity is at least 8 UEs per cell.


Figure 12: The percentage of satisfied UE under different system load with DRX
[bookmark: _Hlk61897188]Observation6: For XR traffic in FR1 outdoor scenario, the average UPT, TB successful rate and percentage of UE that satisfied air interface delay budget remain steady when the system has less than 8 UEs per cell. 
Observation7: For XR traffic in FR1 outdoor scenario, the percentage of ‘satisfied’ UE remains steady when the system has less than 8 UEs per cell. The max number of UE per cell is at least 8 when 90% UEs satisfy the requirements of latency, reliability and throughput.
[bookmark: _GoBack]Conclusion 
In this contribution, the initial performance evaluation results are presented based on our proposed traffic model and simulation assumption. Based on these results, we have the following observations:
Observation1: For XR traffic in FR1 indoor scenario, the average UPT, TB successful rate and percentage of UE that satisfied air interface delay budget remain steady when system load increases from 2 to 10 UEs per cell. 
Observation2: For XR traffic in FR1 indoor scenario, the max number of UE per cell is at least 10 when 90% UEs meet the requirements of latency, reliability and throughput.
Observation3: For XR traffic in FR1 indoor scenario, the system capacity for XR service with DRX is slightly degraded compared to that of the baseline configuration when there are 10 UEs per cell.
Observation 4: UE power consumption for XR service is around 129.2 units at 100Mbps bit rate.
Observation 5: The DRX configuration can achieve 11.08%~ 16.39% power saving gain for XR service, where the power saving gain is from the reduction of PDCCH monitoring. 
Observation6: For XR traffic in FR1 outdoor scenario, the average UPT, TB successful rate and percentage of UE that satisfied air interface delay budget remain steady when the system has less than 8 UEs per cell. 
Observation7: For XR traffic in FR1 outdoor scenario, the percentage of ‘satisfied’ UE remains steady when the system has less than 8 UEs per cell. The max number of UE per cell is at least 8 when 90% UEs satisfy the requirements of latency, reliability and throughput.
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