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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous RAN 1 meetings, substantial progress was achieved on traffic model and evaluation assumptions [1] [2] [3]. In this paper, we provide initial evaluation results for Uplink and Downlink capacity and coverage. This contribution is a revision of R1-2109638.

2. Evaluation assumptions
In the following table, we summarize the assumptions used in the SLS evaluations.
	Parameter
	Value

	Layout
	Dense Urban, 21cells with wraparound 
ISD: 200m 

	UE distribution 
	80% indoor, 20% outdoor 

	Carrier frequency 
	4 GHz 

	Subcarrier spacing 
	30 kHz 

	BS height 
	25m 

	UE height 
	hUT = 3(nfl – 1) + 1.5
Outdoor UEs: nfl = 1
Indoor UEs: nfl ~ uniform(1,N) with N ~ uniform(4,8)

	BS noise figure 
	5 dB 

	UE noise figure 
	9 dB 

	UE receiver 
	MMSE-IRC 

	Channel estimation 
	Ideal

	UE speed 
	3 km/h 

	MCS 
	Up to 256QAM 

	BS antenna pattern 
	3-sector antenna radiation pattern, 8 dBi 

	BS Antenna parameters 
	Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (2,1,2,4,8;4,8) 


	BS Tx Power 
	44dBm for 20 MHz simulated

	UE antenna pattern 
	Omni-directional, 0 dBi, 

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

	Downtilt
	102

	TDD configuration 
	DDDSU

	System BW 
	20 MHz

	Scheduler 
	MU-MIMO PF Scheduler

	CSI
	SRS based

	Traffic 
	30 Mbit/s video [6Mbits/s per 20 MHz simulated], 60 fps, [STD, Max, Min]: [10.5, 150, 50]% of mean packet size, truncated Gaussian (DL), 10Mbit/s video 60 fps, [STD, Max, Min]: [10.5, 150, 50]% of mean packet size, truncated (UL single stream), 0.2Mbit/s, 250packets/s (UL pose/control)

	Jitter	
	STD = 2ms, Range [+/-4ms], truncated Gaussian

	Packet Delay Budget (PDB)
	10ms, 15ms (DL video), 30ms (UL video), 10ms (UL pose/control)


3. Initial evaluation results
Initial evaluation results for Dense Urban scenario for Uplink and Downlink are shown in the following figures. For all figures in this section, each marker corresponds to the following number of UEs dropped per cell: [1, 3, 5, 7, 10, 15] for Downlink and [1, 5, 7, 10, 15] for Uplink.

3.1 Capacity evaluation
3.1.1 Downlink 
Evaluation results for CG, AR/VR single stream traffic are shown in this section. We consider the baseline evaluation assumptions agreed in [2], where the traffic model has 30Mbps data rate with 60 frames per second and the PDB requirement is 15ms for CG and 10ms for AR/VR.
Fraction of successful UEs
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Figure 1: DU, 30 Mbps, the capacity of a system with MU-MIMO is 31.2% higher than SU-MIMO for 10ms PDB, and 21.1% for 15ms PDB.  
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[bookmark: _Hlk84419094]Figure 2: DU, 30 Mbps AR/VR, without jitter, the capacity of a system increases by 4.9% for PDB 10ms and 9.7% for PDB 15ms. 


Observation 1: For DU Downlink Scenario VR/AR, 30Mbps, 10ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 1 System capacity of VR/AR (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	5.45
	5
	94.19%
	7.15
	7
	91.70%
	

	
	
	
	7.5
	7
	95.71%
	Note 1

	Note 1. No jitter



Observation 2: For DU Downlink Scenario CG, 30Mbps, 15ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 2 System capacity of CG (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	6.17
	6
	91.01%
	7.47
	7
	94.35%
	

	
	
	
	8.20
	8
	90.14%
	Note 1

	Note 1. No jitter


Observation 3: For DU Downlink Scenario, the system capacity for 15ms PDB is 13.2% higher than 10ms PDB with SU-MIMO and 4.5% higher with MU-MIMO.
Observation 4: For DU Downlink Scenario, the system capacity with MU-MIMO is 31.2% higher than SU-MIMO for AR/VR (10ms PDB), and 21.1% higher for CG (15ms PDB).  
 Observation 5: For DU Downlink Scenario, the system capacity without jitter is 4.9% and 9.7% higher for PDB 10ms and 15ms, respectively, compared to the case when jitter is considered.




3.1.2 Uplink 
Evaluation results for AR uplink with the baseline traffic model, i.e., an aggregated traffic of scene/video/data/voice (Truncated Gaussian Model, 10Mbps, PDB = 30ms, 60 frames per second, no jitter) for single stream and pose/control-stream (0.2Mbps, PDB=10ms, 250 frames per second, no jitter) with an aggregated traffic of scene/video/data/voice for two streams, are shown in this section.
3.1.2.1 Uplink single stream
Fraction of successful UEs
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Figure 3: DU, 10Mbps AR/VR, the capacity of a system MU-MIMO is 34.5% higher than SU-MIMO.
Observation 6: For DU Uplink Scenario scene/video/data/voice-stream, 10Mbps, 30ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 3 System capacity of scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1

	7.80   
	7
	98.23%
	10.49
	10
	95.24%



[bookmark: _Hlk84419939]Observation 7:  For DU Uplink scenario AR single stream, the system capacity with MU-MIMO is 34.5% higher than SU-MIMO.
3.1.2.2 Uplink two stream
Fraction of successful UEs
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Figure 4: DU, 10Mbps AR/VR, the capacity of a system with the system capacity with MU-MIMO is 36.4% higher than SU-MIMO.
Observation 8: DU, pose/control-stream (0.2Mbps, 10ms PDB) + scene/video/data/voice-stream (10Mbps, 30msPDB)100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 4 System capacity of pose/control (0.2Mbps) and scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1

	3.35   
	3
	91.90%
	4.57   
	4
	90.75%



Observation 9: For DU Uplink scenario AR two stream, the system capacity with MU-MIMO is 36.4% higher than SU-MIMO.

3.2 Coverage evaluation
XR coverage is evaluated based on the optional methodology 2, where only one UE is randomly dropped in the entire network (or in all the cells) and associated with one of the 3 center cells (or gNBs). XR coverage is defined as 5%-tile point in the CDF curve of coupling gain for all the satisfied UEs. For downlink, a single stream model for VR/CG is used and for uplink pose/control stream model for AR is used. 
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Figure 5: UMa, 30 Mbps VR for DL, and pose/control for UL.  UL coverage is larger than DL. Coverage increases as the PDB increases from 10ms (VR) to 15ms (CG)
	[image: ]
Figure 6: DU, 30 Mbps VR for DL, and pose/control for UL. Coverage is limited by ISD. 


Observation 10: Based on the optional methodology 2, the coverage (the 5%-tile point in the CDF curve of coupling gain) is summarized in the table below.

Table 5 Coverage of CG and VR for FR1 
	
	
	DU
	UMa

	CG
(PDB: 15ms)
	DL
	-135.5dB
	-148.20dB

	
	UL
	-134.7dB
	-140.05dB

	VR
(PDB: 10ms)
	DL
	-134.8dB
	-144.65dB

	
	UL
	-134.6dB
	-139.80dB



Observation 11: For both DL and UL, XR coverage increases as the PDB is increased.



3.3 Power consumption evaluation
In this section, XR power consumption evaluations and impact of turning on DRX cycle are presented for VR/AR/CG (30Mbps) in Dense Urban scenario, DL only with SU-MIMO scheduler for DRX configurations listed in the table below.

	Power Saving Scheme
	DRX cycle length
	On duration
	Inactivity timer

	DRX (8,6,6)
	8
	6
	6

	DRX (10,4,5)
	10
	4
	5

	DRX (8,4,6)
	8
	4
	6



In the following table, results are summarized for PSG of CDRX compared to Always On and fraction of satisfied UEs per cell for different PDB values.

Table 6 Power consumption evaluation resuts of CG and VR for FR1 Dense Urban, DL only
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Always On
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms

	
	Baseline
	Optional
	
	

	
	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
	
	

	Always On
	-
	-
	-
	-
	3.99/4
	4/4

	DRX (8,6,6)
	11.87%
	7.42%
	12.22%
	15.67%
	3.99/4
	4/4

	DRX (8,4,6)
	20.93%
	9.84%
	21.82%
	29.70%
	3.55/4
	3.92/4

	DRX (10,4,5)
	18.77%
	4.19%
	19.94%
	30.35%
	2.19/4
	3.53/4



Observation 12: For XR medium load scenario (e.g., 4 UEs/cell) of DL in Dense Urban, up to ~20% average power saving gain is observed by CDRX scheme for the studied configurations.

4. Conclusions
In this contribution, we provide an initial set of simulation results with the agreed traffic model and simulation assumptions for capacity KPI for the following cases:

	 
	 
	Data rate 
[Mbps]
	Packet arrival rate
[fps]
	PDB
[ms]

	DL
	AR/VR
	30
	60
	10

	
	CG
	30
	60
	15

	UL
	AR single stream
	10
	60 
	30

	
	AR two stream
	[10, 0.2]
	[60, 250]
	[30, 10]


 
The observations are summarized below.
Observation 1: For DU Downlink Scenario VR/AR, 30Mbps, 10ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 1 System capacity of VR/AR (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	5.45
	5
	94.19%
	7.15
	7
	91.70%
	

	
	
	
	7.5
	7
	95.71%
	Note 1

	Note 1. No jitter



Observation 2: For DU Downlink Scenario CG, 30Mbps, 15ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.

Table 2 System capacity of CG (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	6.17
	6
	91.01%
	7.47
	7
	94.35%
	

	
	
	
	8.20
	8
	90.14%
	Note 1

	Note 1. No jitter


Observation 3: For DU Downlink Scenario, the system capacity for 15ms PDB is 13.2% higher than 10ms PDB with SU-MIMO and 4.5% higher with MU-MIMO.
Observation 4: For DU Downlink Scenario, the system capacity with MU-MIMO is 31.2% higher than SU-MIMO for AR/VR (10ms PDB), and 21.1% higher for CG (15ms PDB).  
Observation 5: For DU Downlink Scenario, the system capacity without jitter is 4.9% and 9.7% higher for PDB 10ms and 15ms, respectively, compared to the case when jitter is considered.

Observation 6: For DU Uplink Scenario scene/video/data/voice-stream, 10Mbps, 30ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.

Table 3 System capacity of scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1

	7.80   
	7
	98.23%
	10.49
	10
	95.24%



Observation 7:  For DU Uplink scenario AR single stream, the system capacity with MU-MIMO is 34.5% higher than SU-MIMO.
Observation 8: DU, pose/control-stream (0.2Mbps, 10ms PDB) + scene/video/data/voice-stream (10Mbps, 30msPDB)100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.

Table 4 System capacity of pose/control (0.2Mbps) and scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1

	3.35   
	3
	91.90
	4.57   
	4
	90.75



Observation 9: For DU Uplink scenario AR two stream, the system capacity with MU-MIMO is 36.4% higher than SU-MIMO.
Observation 10: Based on the optional methodology 2, the coverage (the 5%-tile point in the CDF curve of coupling gain) is summarized in the table below.
Table 5 Coverage of CG and VR for FR1 
	
	
	DU
	UMa

	CG (PDB: 15ms)

	DL
	-135.5dB
	-148.20dB

	
	UL
	-134.7dB
	-140.05dB

	VR (PDB: 10ms)
	DL
	-134.8dB
	-144.65dB

	
	UL
	-134.6dB
	-139.80dB



Observation 11: For both DL and UL, XR coverage increases as the PDB is increased.

Table 6 Power consumption evaluation results of CG and VR for FR1 Dense Urban, DL only
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Always On
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms

	
	Baseline
	Optional
	
	

	
	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
	
	

	Always On
	-
	-
	-
	-
	3.99/4
	4/4

	DRX (8,6,6)
	11.87%
	7.42%
	12.22%
	15.67%
	3.99/4
	4/4

	DRX (8,4,6)
	20.93%
	9.84%
	21.82%
	29.70%
	3.55/4
	3.92/4

	DRX (10,4,5)
	18.77%
	4.19%
	19.94%
	30.35%
	2.19/4
	3.53/4



Observation 12: For XR medium load scenario (e.g., 4 UEs/cell) of DL in Dense Urban, up to ~20% average power saving gain is observed by CDRX scheme for the studied configurations.
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