3GPP TSG RAN WG1 #104b-e                                                                          R1-2102614
e-Meeting, April 12th –20th, 2021 

Source:              CATT
Title:                   Evaluation results of XR performance
[bookmark: Source]Agenda Item:     8.14.3
[bookmark: DocumentFor]Document for:   Discussion 

Introduction
In RAN#104e-meeting [1], general simulation assumption, traffic model and definition of Per UE KPI for XR/CG performance evaluation were agreed. 
Agreements: RAN1 adopts a parameterized statistical traffic model for evaluation of XR and CG, and KPI with details as shown below (RAN1 strives to agree on the remaining details during RAN1 #104e, based on SA4 input):
· There are M1 and M2 streams in DL and UL respectively
· At least adopt the case where M1=1 & M2=1
· FFS the values of M1 and M2, including the possibility of being application-dependent
· DL 
· Bitrate for video streaming
· VR/AR: [60 Mbps (mandatory), 30 Mbps (optional)]
· CG: [30 Mbps (mandatory), 45 Mbps (optional)]
· FFS: other optional values 
· Air interface Packet Delay budget (PDB) 
· Air interface delay is measured from the point when a packet arrives at gNB to the point when it is successfully delivered to UE
· Air interface PDB for video streaming
· VR/AR: [10ms (mandatory), 20ms (optional)]
· CG: [15ms (mandatory), 30ms (optional)]
· FFS: other optional values 
· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 
· FFS: Packet size, including the possibility of varying packet sizes
· FFS: Packet Inter arrival time including the possibility of modeling jitter 
· UL
· FFS: Bitrate
· FFS: Air interface Packet Delay budget (PDB)
· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 
· FFS: Packet size
· 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.
· FFS: In addition to the baseline, the following additional method is FFS
· When determining a XR/CG user is satisfied or not, the following factors are considered. FFS how to use those factors.  
· Packet loss information
· Packet delay information
· Some XR/CG source related information if they can be available within RAN, e.g. the mapping between packet and slices or frames and the packet importance
· Multiple data streams traffic model
· FFS if there are multiple streams (if adopted)
· FFS additional aspects not addressed above.
· Note 1: Companies are encouraged to provide details such as parameters (e.g., mean, STD, etc.), distributions, etc., by analyzing SA4 input, e.g., V/S/P traces
· Note 2: All FFS points above are to be further discussed in RAN1 #104e
This contribution presents initial performance evaluation results, including capacity and power in Indoor Hotspot and Dense Urban scenarios.
Performance results
In this section, preliminary simulation results are provided based on agreed simulation assumption, including system capacity and power consumption. 
Simulation assumptions
Traffic model
Traffic arrived at XR/CG sever/device periodically and transported jittery to RAN. Packet size is generated based on the Truncated Gaussian distribution. The additional delay is considered as a variable followed Truncated Gaussian distribution. The detailed traffic parameters for XR/CG evaluations are shown in Table 1. Note that these parameter values are those before the truncation. In SLS, the packet is obtained by intercepting the sample of Gaussian distribution within a certain range.
Table 1: Traffic parameters for XR evaluations
	Gaussian Parameters
	XR
	CG

	Bit rate
	-
	30Mbps
	8Mbps

	Packet size
	Mean packet size
	62500byte
	16667byte

	
	Std. packet size value 
	2600byte
	2600byte

	
	Min packet size
	45000byte
	6667

	
	Max packet size
	93750byte
	33750

	Inter-arrival time
	Packet generated period
	17ms
	17ms

	
	Mean jitter value
	0

	
	STD. jitter value
	2

	
	Max jitter value
	4

	
	Min jitter value
	0


Simulation scenario
In RAN1#103e and RAN1#104e, most simulation parameters for XR/CG performance evaluation were agreed. The simulation assumption is shown in Table 2.
Table 2: Simulation 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:
· FR1:32TxRU, (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 assess the power consumption evaluation for XR performance evaluation. The power consumption model of FR1 for XR performance evaluation is shown in Table 3.
Table 3: Power consumption model for XR performance evaluation
	Power state
	Relative Power

	Micro Sleep
	45

	PDCCH_only
	100

	PDCCH+PDSCH
	300



 KPI and DL latency model
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]The performance evaluation has considered requirements of latency, reliability and power. The Key Performance Indexes (KPIs) are the index of the system performance for XR services, including capacity and UE power consumption. In RAN1#103-e, it was 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









In RAN1#104-e, the ‘satisfied’ requirements were decided:




Agreement:
· 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











In this contribution, system capacity is defined as the max number of UE per cell when 90% UEs satisfy requirements. A UE is declared a satisfied UE if more than 99% of the packets are successfully transmitted within 10ms PDB. DL latency considers the part of processing, waiting for DL TTI, ACK/NACK feedback and retransmission. Detailed DL latency model is described in Figure 1. In Figure 1, the black line with arrow means DL first transmission process and the red line with arrow means a retransmission process. The UE is assumed to have PDSCH processing capability 2.


Figure 1: DL latency model

Simulation results
In the section, we provide evaluation results of XR and CG service based on the simulation assumptions described in section 2.1. 
Indoor Hotspot
We simulate the performance of XR and CG service base on traffic model in Table 1 in FR1 Indoor Hotspot scenario. The simulation adopts 1e-2 target BLER.
2.4.1.1    System capacity
Table 4 shows two detailed C-DRX configuration parameters. C-DRX 1 adopts common DRX cycle value for UE power saving and C-DRX 2 adopts the parameters matched the inter-arrival time of XR/CG traffic.
Table 4: C-DRX configuration parameters
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 1
	160ms
	100ms
	8ms

	C-DRX 2
	17ms
	10ms
	2ms


Figure 2 and Figure 4 show the percentage of UEs that 99% of the packets successfully transmitted within 10ms for XR and CG. The percentage of satisfied XR UEs decreases when the system load increases to 12 UEs per cell. Figure 3 shows the resource utilization (RU) of XR service under different system loads. 
· XR 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2: The percentage of satisfied UE with XR applications under different system loads

Figure 3: RU under different system load for XR service
· CG


Figure 4: The percentage of satisfied UE with CG applications under different system loads
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]From the results, it could be observed that the system capacity without any power saving scheme is 6 UEs per cell for XR service of 60 FPS frame rate and 30Mbps bit rate, the system capacity without any power saving scheme is at least 12UEs per cell for CG service of 60 FPS frame rate and 8Mbps bit rate. The RU is from 35% to 83.3% for XR service. The DRX configuration reduces the percentage of satisfied UEs for XR service. The system capacity of XR with the DRX configuration could be reduced by 18.1%~75% and even up to 100% compared to the baseline. 
For C-DRX 2, it seems that the DRX has greater impact on capacity when the system load is low. The reason might be that UEs in high load cell have longer active time in DRX cycle. In particular, the UE in high-load cell is more likely to be interfered by other UEs in the same cell, which causes lower SINR. The lower SINR leads to the higher probability of retransmission. Further, the higher the probability of retransmission, the higher the probability of UE receiving PDCCH and then entering DRX Inactivity state.
[bookmark: _Hlk61896899]Observation 1: For XR service in Indoor Hotspot scenario, the system capacity without any power saving scheme is 6 UEs per cell for XR service with 60 FPS frame rate and 30Mbps bit rate.
Observation 2:  For CG service in Indoor Hotspot scenario, the system capacity without any power saving scheme is at least 12 UEs per cell for CG service with 60FPS and 8Mbps bit rate.
Observation 3: For XR service in Indoor Hotspot scenario, the system capacity of XR with the DRX configuration could be reduced by 18.1%~75% and even up to 100% compared to the system capacity of XR without any power saving scheme.
Observation 4: Compare to common DRX configuration parameter for R15 UE power saving, the DRX configuration matched the inter-arrival of XR traffic has less impact on capacity.  
2.4.1.2 UE Power consumption
In the section, UE power consumption result of XR service is shown. Figure 5 describes the average UE power consumption under different system load without any power saving scheme. Figure 6 and Figure 7 describe the average UE power consumption under different system load with different DRX configurations. The power consumptions in Figure 5, 6 and 7 are the average value of all UEs. 
· Case1: baseline

Figure 5: UE power consumption with different system loads 
· Case2: C-DRX 1

Figure 6: UE power consumption over slot under different system load with C-DRX 1
· Case 3: C-DRX 2

Figure 7: UE power consumption over slot under different system load with C-DRX 2
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]From these results, it could be observed that the baseline UE power consumption for XR service is around 96.2 units at 30 Mbps bit rate. Compared to average UE power consumption without any power saving scheme, the average UE power consumption with C-DRX 1 and C-DRX 2 is reduced by 3.9%~13% and 6%~12.3%, respectively, where the power saving gain is from the reduction of unnecessary PDCCH monitoring.
Table 5 collects the power saving performance results of DRX for 30Mbps XR service when the number of UE per cell is 6. 
Table 5: Evaluation of UE power saving schemes for Indoor Hotspot 
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	Case 1
	-
	-
	-
	-
	5 / 6

	C-DRX 1
	7.3 %
	7.13%
	4.68%
	20.5%
	0 / 6

	C-DRX 2
	10.37%
	4.9 %
	9.87 %
	17.28%
	2 / 6



Observation 5: The performance of DRX for 30Mbps XR service in Indoor Hotspot and detailed DRX configurations are shown as follows,
Table 4: C-DRX configuration parameters
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 1
	160ms
	100ms
	8ms

	C-DRX 2
	17ms
	10ms
	2ms


Table 5: Evaluation of UE power saving schemes for Indoor Hotspot 
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	Case 1
	-
	-
	-
	-
	5 / 6

	C-DRX 1
	7.3 %
	7.13%
	4.68%
	20.5%
	0 / 6

	C-DRX 2
	10.37%
	4.9 %
	9.87 %
	17.28%
	2 / 6



Dense Urban
We simulate the performance of XR service base on traffic model in Table 3 in FR1 Dense Urban scenario. The simulation adopts 1e-5 target BLER. C-DRX that matches the inter-arrival time of XR traffic time is adopted to evaluate the power saving gain and capacity loss, i.e., 17ms DRX cycle, 10ms drx-onDurationTimer, and 2ms drx-InactivityTimer. 
1.1.1.1 System capacity
Figure 8 shows the percentage of UE that 99% of the packet successfully transmitted within 10ms for XR service in Dense Urban. The percentage of satisfied XR UEs decreases when the system load increases to 12 UEs per cell. The DRX configuration reduces the percentage of satisfied UEs for XR service. The system capacity without any power saving scheme is 10 UEs per cell for XR service of 60 FPS frame rate and 30Mbps bit rate. The system capacity with DRX configuration is reduced by 15.9%~52.4% compare to the system capacity without any power saving scheme. Figure 9 shows the RU of XR service under different system loads. The RU is from 36.2% to 88.7% for XR service when the number of UEs per cell is from 4 to 12.


[bookmark: _Hlk61897188]Figure 8: The percentage of satisfied UE with XR applications under different system load in DU

Figure 9: RU under different system load for XR service at DU scenario

Observation 6: For XR service in Dense Urban scenario, the system capacity without any power saving scheme is 10 UEs per cell with XR service of 60 FPS frame rate and 30Mbps bit rate.
Observation 7: For XR service in Dense Urban scenario, the system capacity with DRX configuration is reduced by 15.9%~52.4% compare to the system capacity without any power saving scheme.
2.4.1.2 UE Power consumption
In the section, power performance result of XR service is shown. Figure 10 describes the average UE power consumption under different system load without any power saving scheme. Figure 11 shows the average UE power consumption under different system load with DRX configuration. 
· Case1: baseline

Figure 10: UE power consumption with different system loads 
· Case2: C-DRX 2

Figure 11: UE power consumption over slot under different system load with C-DRX 2
From the results, it could be observed that the baseline average UE power consumption over slot for XR service is around 100 units at 30 Mbps bit rate. Compared to baseline average UE power consumption, the average UE power consumption with C-DRX is reduced by 8.7%~14.4%.
Table 6 collects the power saving performance results of DRX for 30Mbps XR service in DU when the number of UE per cell is 10. 
Table 6: Evaluation of UE power saving schemes for Dense Urban
	Power Saving Scheme
	Power Saving Gain (PSG) compared to baseline
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	[bookmark: _Hlk68283018][bookmark: _GoBack]baseline
	-
	-
	-
	-
	9 / 10

	C-DRX 2
	10.3 %
	 4.7%
	8.9 %
	19%
	7 / 10



Observation 8: The performance of DRX for 30Mbps XR service in Dense Urban and detailed DRX configurations are shown as follows,
 Table 4: C-DRX configuration parameters
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 2
	17ms
	10ms
	2ms


Table 6: Evaluation of UE power saving schemes for Dense Urban
	Power Saving Scheme
	Power Saving Gain (PSG) compared to baseline
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	baseline
	-
	-
	-
	-
	9 / 10

	C-DRX 2
	10.3 %
	 4.7%
	8.9 %
	19%
	7 / 10



Conclusion 
In this contribution, the initial performance evaluation results are presented based on XR and CG traffic model and simulation assumption. Based on these results, we have the following observations:
Observation 1: For XR service in Indoor Hotspot scenario, the system capacity without any power saving scheme is 6 UEs per cell for XR service with 60 FPS frame rate and 30Mbps bit rate.
Observation 2: For CG service in Indoor Hotspot scenario, the system capacity without any power saving scheme is at least 12 UEs per cell for CG service with 60FPS and 8Mbps bit rate.
Observation 3: For XR service at Indoor Hotspot scenario, the system capacity of XR with the DRX configuration could be reduced by 18.1%~75% and even up to 100% compared to the system capacity of XR without any power saving scheme.
Observation 4: Compare to common DRX configuration parameter for R15 UE power saving, the DRX configuration matched the inter-arrival of XR traffic has less impact on capacity.  
Observation 5: The performance of DRX for 30Mbps XR service in Indoor Hotspot and detailed DRX configurations are shown as follows,
Table 4: Detailed DRX configuration
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 1
	160ms
	100ms
	8ms

	C-DRX 2
	17ms
	10ms
	2ms


Table 5: Evaluation of UE power saving schemes for Indoor Hotspot 
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	Case 1
	-
	-
	-
	-
	5 / 6

	C-DRX 1
	7.3 %
	7.13%
	4.68%
	20.5%
	0 / 6

	C-DRX 2
	10.37%
	4.9 %
	9.87 %
	17.28%
	2 / 6


Observation 6: For XR service in Dense Urban scenario, the system capacity without any power saving scheme is 10 UEs per cell with XR service of 60 FPS frame rate and 30Mbps bit rate.
Observation 7: For XR service in Dense Urban scenario, the system capacity with DRX configuration is reduced by 15.9%~52.4% compare to the system capacity without any power saving scheme.
Observation 8: The performance of DRX for 30Mbps XR service in Dense Urban and detailed DRX configurations are shown as follows,
Table 4: Detailed DRX configuration
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 2
	17ms
	10ms
	2ms


Table 6: Evaluation of UE power saving schemes for Dense Urban
	Power Saving Scheme
	Power Saving Gain (PSG) compared to baseline
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	

	baseline
	-
	-
	-
	-
	9 / 10

	C-DRX 2
	10.3 %
	 4.7%
	8.9 %
	19%
	7 / 10
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Percentage of UE that 99% of packet successfully transmitted within 10ms
Baseline	4	6	8	10	12	1	0.97199999999999998	0.86499999999999999	0.75	0.53500000000000003	C-DRX 1	4	6	8	10	12	0	0	0	0	0	C-DRX 2	4	6	8	10	12	0.25	0.47199999999999998	0.47899999999999998	0.4	0.35399999999999998	number of UEs per cell

Satisfied  ratio


RU
系列 1	4	6	8	10	12	0.35	0.499	0.59399999999999997	0.73599999999999999	0.83299999999999996	number of UEs per cell

RU 


Percentage of UE that 99% of packet successfully transmitted within 10ms
Baseline	4	6	8	10	12	1	1	1	1	1	number of UEs per cell

Satisfied  ratio


Average UE power consumption over slot
PDCCH_only	
4	6	8	10	12	73.7	73.599999999999994	73.400000000000006	73.099999999999994	72.7	PDSCH+PDCCH	
4	6	8	10	12	21.6	22	22.5	23.5	25.1	Number of UEs per cell

Power consumption (units)



Average UE  power consumption over slot
PDCCH_only	
4	6	8	10	12	54.5	61.3	61.4	63.4	64.5	PDCCH+PDSCH	4	6	8	10	12	19.5	22.1	22.7	23.9	25.9	Micro Sleep	
4	6	8	10	12	8.9	5.5	5.3	4.3	3.5	Number of UEs per cell

Power consumption (units)



Average UE  power consumption over slot
PDCCH_only	
4	6	8	10	12	50.9	54.7	56.9	59	60.4	PDCCH+PDSCH	
4	6	8	10	12	22.4	22.7	23.4	24.5	26.2	Micro Sleep	
4	6	8	10	12	10.199999999999999	8.4	7.3	6.2	5.3	Number of UEs per cell

Power consumption (units)



Percentage of UE that 99% of packet successfully transmitted within 10ms
Baseline	4	6	8	10	12	0.98809999999999998	0.96030000000000004	0.92859999999999998	0.90480000000000005	0.86109999999999998	C-DRX 	4	6	8	10	12	0.46429999999999999	0.627	0.71430000000000005	0.70950000000000002	0.70240000000000002	number of UEs per cell

Satisfied  ratio


RU
系列 1	4	6	8	10	12	0.36199999999999999	0.51	0.65300000000000002	0.75900000000000001	0.88700000000000001	number of UEs per cell

RU 


Average UE power consumption over slot
PDCCH_only	
4	6	8	10	12	76.099999999999994	75.8	75.599999999999994	75.3	75	PDSCH+PDCCH	
4	6	8	10	12	22.9	23.6	24.4	25.2	26.2	Number of UEs per cell

Power consumption (units)



Average UE  power consumption over slot
PDCCH_only	
4	6	8	10	12	51.1	53.8	55.4	57.9	59.6	PDCCH+PDSCH	
4	6	8	10	12	22.3	23	23.9	24.7	25.8	Micro Sleep	
4	6	8	10	12	11.3	10.01	9.1	7.9	7	Number of UEs per cell

Power consumption (units)
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