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[bookmark: _Ref513464071]Introduction
Previous RAN1 meetings have agreed on several parameters for the traffic model in terms of data rates and PDB values per application, flagging some parameters as baseline and others as optional [1-4]. In this contribution, system-level evaluations for capacity and power consumption are presented for all baseline scenarios. Additionally, capacity performance for a multiple-stream model is evaluated in the UL.
UL/DL Performance Evaluation Results for XR
System level simulations are done to evaluate capacity performance for a single DL data stream model and single and multiple UL data stream models. For the UL case, the underlying assumption is that the UEs are always ON (no power saving scheme is applied for either model). For the DL case, capacity is evaluated assuming the baseline scenario without power savings and with power savings when using different power saving schemes (i.e. CDRX). The power saving gain (PSG) for DL is also determined when using different power saving schemes.

2.1 Traffic Model for RAN evaluation

Parameters used in the performance evaluation for the statistical model for XR traffic are listed in Table 1 for UL and Table 2 for DL. In the given set of evaluations, a UE is declared as satisfied only when each stream meets the requirement of 99% successful packet delivery within a given air interface PDB.
Table 1: UL Traffic models for CG/VR/AR evaluations
	







UL
	 
	
CG/VR
(single stream: pose/control)

	
AR
(single stream: Aggregated video) 


	
	Packet Arrival distribution
	Periodic: 4ms (no jitter)
	Periodic (periodicity: 1/60fps) (no jitter)

	
	Data rate
	0.2 Mbps
	10 Mbps

	
	Packet Size distribution
	100 bytes
	Truncated Gaussian, same parameters as DL (Table 2)

	
	Air Interface PDB
	10ms
	30ms

	
	Capacity KPI
[X, PDB]
	[99%,10ms] (baseline)
	[99%,30ms] (baseline)

	
	Jitter
	- Periodic: 4ms (no jitter)
	- Jitter: same model as for DL  








Table 2: DL Traffic models for CG/AR/VR evaluations
	
	
	
CG
	
VR
	
AR

	










DL
	Data Rate
	30Mbps @60fps
	30Mbps, 45Mbps @60fps
	30Mbps, 45Mbps @60fps

	
	FPS
	60 fps (baseline)
120 fps (optional)
Other values, e.g., 30, 90 fps can be also optionally evaluated. 

	
	Packet Arrival Distribution (single video stream)
	Periodic (with periodicity = 1/fps)
- Each packet k corresponds to set of IP packets belonging to video frame k
- Jitter (with random distribution) is added to arrival slot of each packet k

	
	Packet Size Distribution
	Truncated Gaussian distribution 
- Mean: Derived from average data rate and fps as: (average data rate) / (fps for video stream, i.e., # packets per second in our statistical model) / 8 [bytes]
- STD: [10.5% of Mean]
- Max packet size: [150% of Mean]
- Min packet size: [50% of Mean]

	
	Air Interface PDB
	
15ms
	
10ms 

	
10ms


	
	Jitter (single video stream)
	Arrival time of packet k is k/X x 1000 [ms] + J [ms], where X is the given fps value and J is a random variable (drawn from Truncated Gaussian Distribution)
- Mean: [0], STD: [2 ms], Range: [[-4, 4]ms] 



2.2 Simulation assumptions 
The simulation assumptions employed to evaluate system level performance for FR1 are in Table 3.  
Table 3: Assumptions for System-level simulation
	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

	gNB antenna configuration 
	gNB:
· FR1:32Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ
The antenna tilt is 90 degrees.
	gNB: 
· FR1:32Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(8,2,2,1,1;8,2), (dH, dV) = (0.5λ, 0.8λ)

The antenna tilt is 12 degrees.

	UE Tx power
	Max Tx power: 23 dBm, (P0 = -90, alpha = 1.0)
	Max Tx power: 23 dBm, (P0 = -74, alpha = 0.6)

	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

	UE distribution
	100% of users are indoor 3km/h
	80% of users are indoor, 20%of users are outdoor

	Number of UEs per cell
	Up to 12
	Up to 8

	Transmission scheme
	Reciprocity-based precoding


	Scheduling Algorithm
	DL: MU-MIMO with PF scheduling
UL: MU-MIMO with PF scheduling

	TDD Frame structure
	DDDSU
(D:10D:2G:2U)

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Channel estimation
	Realistic Channel estimation

	CSI acquisition
	Realistic, CSI report periodicity 20ms, CSI processing delay is 4ms. CSI quantization

	Overhead
	3 symbols per 14 symbol (2 symbol PDCCH+1 symbol DMRS)

	UE receiver
	MMSE-IRC



Table 4: Baseline scenarios from RAN1 #105-e meeting notes [2]:
	
	
	Data rate 
[Mbps]
	Packet arrival rate
[fps]
	PDB
[ms]

	DL
	AR/VR
	30
	60
	10

	
	CG
	30
	60
	15

	UL
	VR/CG: Pose/control
	0.2
	250
	10

	
	AR: Option 1 (single stream model)
	10
	60
	30






Table 5: Power model for DL
	Power state
	Relative Power(1 slot)

	PDCCH-only
	100

	PDCCH+PDSCH
	300

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1



Table 6: Selected CDRX parameters for power consumption evaluations
	 
	DRX cycle (ms)
	On duration timer value (ms)
	Inactivity timer value (ms)

	CDRX1
	16
	12
	4

	CDRX2
	4
	2
	2



Simulation results
1.1 Uplink results
Uplink system capacity evaluations for the single stream and multiple-stream models are presented in this section.
UL Capacity results for single stream transmission
System capacity provides the maximum number of supported UEs out of which at least Y% of UEs are satisfied where Y=90 (baseline) is used in the simulation. 
Indoor Hotspot
UL system capacity for Indoor hotspot (parameters defined in Table 3) is evaluated for FR1 (4 GHz) using PF scheduling. A UE is declared satisfied if more than 99% of packets are successfully transmitted within PDB values of 30ms and 10ms for AR and CG/VR applications, respectively.
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Figure 1: FR1 UL AR results for Indoor Hotspot scenario
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Figure 2: FR1 UL CG/VR results for Indoor Hotspot scenario

Figures 1 and 2 show UL results for system capacity for AR and CG/VR respectively in an InH deployment where a single stream is simulated. It is observed that a large number of UEs/cell (>20) can be supported when only pose/control information is sent in the UL for the CG/VR case. In the AR case, where aggregated video is sent in the UL, the capacity experiences a sharp drop as the number of UEs exceed ~10 UEs/cell. The maximum number of UEs that can be supported such that at least 90% of UEs are satisfied drops to < 12 UEs/cell. Resource utilization (%) also follows a steeper uptake as the number of UEs/cell increases when sending aggregated video in the UL vs only pose/control information.
Dense Urban
Figures 3 and 4 show the deployment in a dense urban scenario (with parameters as defined in Table 3) and all other evaluation assumptions kept the same (i.e., PDB values of 30ms and 10ms for CG/VR and AR applications respectively).
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Figure 3: FR1 UL AR results for Dense Urban scenario

[image: Chart

Description automatically generated][image: Chart, bar chart

Description automatically generated]
Figure 4: FR1 UL CG/VR results for Dense Urban scenario

[bookmark: _Hlk84023005]Observation 1: 	The uplink traffic of AR (aggregated video) with 10Mbps data rates is the bottleneck of the system capacity in FR1, compared to the uplink traffic of CG/VR (pose and control information).

Observation 2: 	Transitioning from InH to DU deployment scenario has a significant impact on the capacity as shown by a large drop in #UEs/cell that can be supported for all XR applications
UL Capacity results for multiple-stream transmission
As discussed by some companies in previous meetings, several approaches can be used to model multiple streams in the uplink. One approach involves duplicating a physical UE into multiple virtual UEs (twin 1, twin 2, etc.) whereby each virtual UE is associated with a single flow. Another evaluation approach, that we adopted in our simulations, is based on multiplexing whereby multiple data flows are be mapped onto the same PUSCH. In this approach, some form of book-keeping is required to track the transmission and delay budget for each packet in a PUSCH. 
Indoor Hotspot
UL system capacity for Indoor hotspot is evaluated for two streams in FR1 (4 GHz) using PF scheduling, for a pose/control stream and an aggregated video stream at data rates of 10 Mbps. A UE is declared satisfied if more than 99% of packets are successfully transmitted for each stream with their respective PDB values, i.e., stream 1: [99%, 10ms] AND stream 2: [99%, 30ms].
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Figure 5: FR1 UL AR results for 2 streams in Indoor hotspot scenario

Figure 5 shows the UL results for system capacity for multiple-stream AR in an InH deployment. It is observed that a smaller number of UEs/cell can be supported compared to single-stream scenarios in UL. The trend mirrors the aggregated video performance displaying a drastic fall-off as the number of UEs/cell increases. In this case, the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied drops to < 8 UEs/cell (compared to < 12 UEs/cell for single stream aggregated video transmission).
Dense Urban
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Figure 6: FR1 UL AR results for 2 streams in Dense Urban scenario

Figure 6 shows UL results for system capacity for multiple-stream AR in a Dense Urban deployment. It is observed that a smaller number of UEs/cell can be supported compared to single-stream scenarios (e.g. in pose/control only or aggregated video only scenarios) in UL. The trend mirrors the aggregated video performance displaying a drastic fall-off as the number of UEs/cell increases. In this case, the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied drops to 0 UE/cell (compared to ~ 2 UEs/cell for single stream aggregated video transmission).

[bookmark: _Hlk84023014]Observation 3: 	UL capacity of multi-stream model is less than that of single-stream model.
Observation 4: 	Capacity trends in multi-stream model mirrors that of single-stream aggregated video in the UL (with a lower number of supported UEs/cell), leading to the following conclusions:
i) Capacity bottleneck in multi-stream model is largely due to transmission of aggregated video in the UL.
ii) The impact of sending pose information in multi-stream model is not entirely negligible.

1.2 Downlink results
Downlink system capacity evaluations as well as power consumption evaluations for the single stream model are presented in this section. For DL capacity, the traffic model parameters indicated in Table 2 are used for both Indoor hotspot and Dense Urban deployments. The simulation results for AR/VR and CG are given below for both InH and DU scenarios:
Indoor Hotspot
System capacity for indoor hotspot is evaluated for FR1 (4 GHz) based on the parameter settings given in Table-3. 




CG @ 30 Mbps - InH
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Figure 7. FR1 DL CG @ 30 Mbps results for Indoor Hotspot scenario
From Figure 7, it is observed that the impact of the power saving scheme based on CDRX 2 on the overall system capacity starts to be noticeable earlier than (>4 UEs/Cell) CDRX 1 (>6 UEs/Cell). As a result, the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied is ~ 6 UEs/cell employing power saving and between 7 - 8 UEs/Cell with baseline scheme (with no power saving). Table 7 provides the power saving gain vs the CDRX configurations employed for CG at 30 Mbps in InH scenario.

Table 7: Power savings gain for baseline vs. CDRX configs (Indoor – CG – 30 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	6.83/7

	Case 2 (CDRX1)
	5.520
	0.377
	5.524
	9.720
	5.89/7

	Case 3 (CDRX2)
	13.633
	5.653
	14.050
	20.501
	4.53/7




AR/VR @ 30 Mbps - InH
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Figure 8. FR1 DL AR @ 30 Mbps results for Indoor Hotspot scenario
As the PDB is reduced from 15 ms to 10 ms, overall system capacity decreases as observed in Figure 8 for AR services at 30 Mbps in InH scenario. Figure 8 shows that the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied is between 5 - 6 UEs/cell without any power saving scheme and drops to 3 UE/cell with the implementation of either power saving scheme. Table 8 provides the power saving gain vs the CDRX configurations employed for AR/VR at 30 Mbps in InH scenario.

Table 8: Power savings gain for baseline vs. CDRX configs (Indoor – AR/VR – 30 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	4.84/5

	Case 2 (CDRX1)
	6.136
	2.601
	6.104
	10.090
	2.9/5

	Case 3 (CDRX2)
	15.50
	10.213
	15.574
	21.20
	2.88/5




AR/VR @ 45 Mbps - InH
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Figure 9: FR1 DL AR @ 45 Mbps results for Indoor Hotspot scenario
As the PDB is reduced from 15 ms to 10 ms and data rate is increased from 30 Mbps to 45 Mbps, overall system capacity further decreases. The maximum number of UEs that can be supported such that at least 90% of UEs are satisfied is 3 UEs/cell without any power saving scheme and drops to 2 UE/cell with the implementation of either power saving scheme. Table 9 provides the power saving gain vs the CDRX configurations employed for AR/VR at 45 Mbps in InH scenario.

Table 9: Power savings gain for baseline vs. CDRX configs (Indoor – AR/VR – 45 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	2.94/3

	Case 2 (CDRX1)
	5.755
	1.272
	5.752
	10.138
	1.9/3

	Case 3 (CDRX2)
	15.117
	9.745
	14.839
	20.562
	1.9/3



Dense Urban
Similar evaluation results are provided in the following for Dense Urban scenario for AR/VR (at 30Mbps and 45Mbps) and CG (at 30Mbps).




CG @ 30 Mbps - DU
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Figure 10. FR1 DL CG @ 30 Mbps results for Dense Urban scenario
As in the InH scenario, Figure 10 shows that application of a power saving scheme reduces overall system capacity. The impact of the power saving schemes on the number of satisfied UEs/cell starts to become apparent at ~ 3 UEs/cell. As a result, the maximum number of UEs that can be supported with power saving scheme such that at least 90% of UEs are satisfied is 3 UEs/cell while up to 5 UEs/cell can be supported without power saving scheme. The power saving gain results for some CDRX configuration are shown in Table 10. 

Table 10: Power savings gain for baseline vs. CDRX configs (Outdoor – CG – 30 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	5/5

	Case 2 (CDRX1)
	6.310
	0.560
	6.327
	10.171
	3.38/5

	Case 3 (CDRX2)
	14.728
	5.336
	15.576
	21.098
	3.05/5



AR/VR @ 30 Mbps - DU
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Figure 11. FR1 DL AR/VR @ 30 Mbps results for Dense Urban scenario
As the PDB is reduced from 15 ms to 10 ms, overall system capacity decreases. From Figure 11, it is observed that the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied is between 3 - 4 UEs/cell without any power saving scheme and 2 UEs/cell with CDRX 1 and CDRX 2 power saving schemes. Table 11 provides the power saving gain vs the CDRX configurations employed for AR/VR at 30 Mbps in DU scenario.

Table 11: Power savings gain for baseline vs. CDRX configs (Outdoor – AR/VR – 30 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	3/3

	Case 2 (CDRX1)
	6.925
	2.504
	7.261
	10.269
	2.25/3

	Case 3 (CDRX2)
	16.758
	10.017
	17.454
	21.699
	2.28/3



AR/VR @ 45 Mbps - DU
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Figure 12. FR1 DL AR @ 45 Mbps results for Dense Urban scenario
As the PDB is reduced from 15 ms to 10 ms and data rate is increased from 30 Mbps to 45 Mbps, overall system capacity decreases. Figure 12 shows that the maximum number of UEs that can be supported such that at least 90% of UEs are satisfied is 2 UEs/cell with no power saving scheme and 0 UEs/cell when power saving scheme is employed. Table 12 provides the power saving gain vs the CDRX configurations employed for AR/VR at 30 Mbps in DU scenario.

Table 12: Power savings gain for baseline vs. CDRX configs (Outdoor – AR/VR – 45 Mbps)
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1 (no DRX)
	-
	-
	-
	-
	1.9/2

	Case 2 (CDRX1)
	6.299
	2.153
	5.896
	9.866.
	1.26/2

	Case 3 (CDRX2)
	15.542
	9.562
	15.541
	20.321
	1.26/2




[bookmark: _Hlk84023038]Observation 5: 	Overall capacity performance in DL in all deployment scenarios depends on the chosen PDB and data rates. As the PDB decreases and/or data rates increase, the system capacity decreases.
Observation 6: 	There is a tradeoff relation between PSG and capacity (i.e. ratio of satisfied UEs per cell). As a result, PSG and ratio of satisfied UEs should be considered together when evaluating different power saving schemes

Observation 7: 	Using any power saving scheme results in reducing the overall system capacity in all deployment scenarios
Observation 8: 	CDRX scheme 2 (4,2,2) has almost identical Resource Utilization (%) and similar decrease in capacity as CDRX scheme 1 (16,12,4) but a better PSG performance for all simulated scenarios. This is expected as its On-duration is 50% of the total DRX cycle time (as opposed to 75% for CDRX scheme 1)
Conclusion
In this contribution, system level simulation results are provided for baseline scenarios for single stream UL and DL, as well as capacity results for a multiple-stream model in the UL. The following observations are made:  

Observation 1: 	The uplink traffic of AR (aggregated video) with 10Mbps data rates is the bottleneck of the system capacity in FR1, compared to the uplink traffic of CG/VR (pose and control information).
Observation 2: 	Transitioning from InH to DU deployment scenario has a significant impact on the capacity as shown by a large drop in #UEs/cell that can be supported for all XR applications
Observation 3: 	UL capacity of multi-stream model is less than that of single-stream model.
Observation 4: 	Capacity trends in multi-stream model mirrors that of single-stream aggregated video in the UL (with a lower number of supported UEs/cell), leading to the following conclusions:
i) Capacity bottleneck in multi-stream model is largely due to transmission of aggregated video in the UL.
ii) The impact of sending pose information in multi-stream model is not entirely negligible.

Observation 5: 	Overall capacity performance in DL in all deployment scenarios depends on the chosen PDB and data rates. As the PDB decreases and/or data rates increase, the system capacity decreases.
Observation 6: 	There is a tradeoff relation between PSG and capacity (i.e. ratio of satisfied UEs per cell). As a result, PSG and ratio of satisfied UEs should be considered together when evaluating different power saving schemes
Observation 7: 	Using any power saving scheme results in reducing the overall system capacity in all deployment scenarios
Observation 8: 	CDRX scheme 2 (4,2,2) has almost identical Resource Utilization (%) and similar decrease in capacity as CDRX scheme 1 (16,12,4) but a better PSG performance for all simulated scenarios. This is expected as its On-duration is 50% of the total DRX cycle time (as opposed to 75% for CDRX scheme 1)
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100 AR @ 30 Mbps - Resource Utilization
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(AR @ 45 Mbps - UEs > 99% packets within PDB (10ms)
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100 AR @ 45 Mbps - Resource Utilization
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100AR @ 10 Mbps - UEs > 99% packets within PDB (30ms)
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