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Introduction
In 3GPP TSG RAN1#104e meeting, some evaluation methodologies/assumptions and parameters of traffic model were discussed and the corresponding agreements are given in [1]. 
In our companion contributions [2][3], views on reasonable parameters of traffic model and other evaluation methodologies/assumptions are provided. Based on these contributions, we present some performance evaluation results for XR in terms of capacity and power saving gain in different scenarios.
FR1 Evaluations 
[bookmark: OLE_LINK8][bookmark: _Hlk52372502]In this section, the system performance of capacity, power consumption of FR1 are evaluated. The detailed evaluation assumptions for XR are listed in Appendix A. 
Capacity
For FR1, the traffic models at 30Mbps and 45Mbps are used for downlink capacity evaluation, while traffic models for Pose/Control are considered in uplink capacity evaluation.
2.1.1 DL FR1
In RAN1#104e meeting, the average data rate for DL video stream is agreed as follows.
	Agreements
· Average data rate for DL video stream:
· VR/AR: 30, 45 Mbps @60fps (baseline) 
· 30, 60 Mbps @60fps (optional)
· Note: this is the aggregated data rate when applicable
· CG: 8, 30 Mbps @60fps (baseline)
· 8, 45 Mbps @60fps (optional)
· Other values (in combination with fps) can be also optionally evaluated.


In our downlink capacity evaluation, 30Mbps and 45Mbps traffic model are considered according to RAN1#104e meeting. 
The mean packet size can be derived by the data rate together with the fps information. Moreover, according to our companion contribution [2], the standard deviation and maximal packet size are 3% * mean and 109% * mean, respectively. The results are evaluated using the traffic generated accordingly.
The air interface PDB is set to 10ms according to the agreement in RAN1#104e meeting.
	Agreements
· Air interface PDB for DL video stream 
· VR/AR: 
· 10ms 
· Other values, e.g., 5ms, 20 ms can be optionally evaluated. 
· CG: 
· 15ms
· Other values, e.g., 10ms, 30ms can be optionally evaluated. 
· FFS whether or not to have more than one mandatory value


In addition, jitter was also considered in our downlink capacity evaluation. According to the working assumption of jitter in RAN1#104e meeting, parameters of jitter distribution for this particular evaluation are shown in Table 1 though we prefer further refinement of the jitter model. 
[bookmark: _Ref7605]Table 1 Jitter Model
	Mean
	STD
	Max delay
	Min delay

	0(ms)
	2(ms)
	4(ms)
	-4(ms)


The simulation parameters are listed in Table A.1. As a result, some system simulation results with 1%PER are presented in Figure 1 to Figure 4, where Figure 1 and Figure 2 display the simulation results of 30Mbps bit rate for Indoor Hotspot and Dense Urban scenarios, respectively, while Figure 3 and Figure 4 show the simulation results of 45Mbps bit rate, for Indoor Hotspot and Dense Urban scenarios, respectively.
	[image: ]
	[image: ]

	(a) Capacity
	(b) RU


[bookmark: _Ref7073]Figure 1 Capacity simulation results of 30Mbps bit rate in indoor Hotspots scenario
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[bookmark: _Ref7259][bookmark: OLE_LINK1]Figure 2 Capacity simulation results of 30Mbps bit rate in Dense Urban scenario
According to the results in Figure 1 and Figure 2, one could observe that no more than 12 UEs and 13 UEs per cell can meet the capacity requirement in Indoor Hotspot and Dense Urban scenarios at 30Mbps respectively, regardless of whether jitter is considered or not in the simulation.
[bookmark: _Toc68612482]Up to 12 UEs could be supported in Indoor Hotspot scenario and up to 13 UEs could be supported in Dense Urban scenario when downlink date rate is 30Mbps.
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[bookmark: _Ref7161]Figure 3 Capacity simulation results of 45Mbps bit rate in indoor Hotspots scenario
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[bookmark: _Ref7079]Figure 4 Capacity simulation results of 45Mbps in Dense Urban scenario
In Figure 3 and Figure 4, one could observe that no more than 6 UEs and 8 UEs per cell can meet the capacity requirement in Indoor Hotspot and Dense Urban scenarios at 45Mbps respectively regardless of whether jitter is considered or not in the simulation. 
[bookmark: _Toc68612483]6 UEs could be supported in Indoor Hotspot scenario and up to 8 UEs could be supported in Dense Urban scenario when downlink date rate is 45Mbps.
As shown in Figure 1 to Figure 4, compared with capacity results without jitter, the capacity results with jitter has, at maximum, 8% performance loss for 30Mbps and 14% performance loss for 45Mbps in Indoor Hotspots scenario. When it comes to Dense Urban scenario, the system with jitter has, at maximum, 3% performance loss for 30Mbps and 11% performance loss for 45Mbps.
[bookmark: _Toc68612484]Jitter using the values captured in the WA will cause slight performance loss in DL FR1.
2.1.2 UL FR1
[bookmark: OLE_LINK5]In uplink simulation, interaction/pose information delivery is evaluated. According to [1], traffic model of uplink interaction/pose information has been determined as follows. 
	· Traffic model for Pose/control 
· Periodic: 4ms (no jitter) 
· Other values can be optionally evaluated. 
· Fixed: 100 bytes (SA4 input)
· PDB: 10 ms


The traffic model of interaction/pose information delivery is thus presented in Table 2. The simulation parameters are listed in Appendix A.2. The capacity evaluation results in Indoor Hotspot scenario are shown in Figure 5.
[bookmark: _Ref16184]Table 2 Traffic model for Uplink
	Packet size
	Packet arrival interval
	PDB

	Fixed, 100Bytes
	1ms
	10ms
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[bookmark: _Ref17297]Figure 5 Capacity simulation results for uplink in indoor Hotspots scenario
According to uplink simulation results in Figure 5, it can be observed that up to 24 UEs per cell are able to achieve the capacity requirement in Indoor Hotspot scenario.
[bookmark: _Toc68612485]For uplink evaluation of interaction/pose information delivery, up to 24 UEs per cell could be supported in Indoor Hotspot scenario.
Power consumption
The DL XR traffic model with transmission data rate 50Mbps in [6] is used for power consumption evaluation and is presented in Table 3.
Table 3 Traffic model for power consumption evaluation
	Use case
	Packet Mean
	Packet STD
	Packet Max
	Packet Period
	PDB

	VR/AR
	104000Bytes
	13000Bytes
	162500Bytes
	16.67ms
	10ms


In the following power consumption evaluation, the drx-HARQ-RTT-Timer is set to 0 and drx-RetransmissionTimer is set to 3ms. Other DRX settings are captured in Table 4. Note in this power consumption evaluation, only DL traffic and the corresponding power consumption from receiver perspective is considered, all the UL slots are set to sleep states for simplicity. 
Table 4 DRX settings
	
	DRX cycle
	Drx-onDurationTimer
	Drx-inactivityTimer

	DRX setting (ms)
	16
	4
	2


The Figure 7 and Table 5 show the capacity and power saving gain (%) for various schemes including 
· Baseline(Case 1): No power saving technique is applied, that is, UE is always in Active Time.
· Legacy DRX mechanism: R15 DRX mechanism with specific DRX settings shown in Table 4.
· Enhanced DRX mechanism: The enhanced CDRX is a scheme which drx-startoffset changes dynamically. The dynamic change of drx-startoffset change can be triggered by 1) UE does not receive any data during the DRX ON period,  2) UE receives a change indication. The former mechanism to trigger drx-startoffset change shown in Figure 6 is considered in our power consumption evaluation.
[image: ]
Figure 6 Legacy DRX scheme and Enhanced DRX scheme
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	(a) Capacity
	(b) Power saving gain


[bookmark: _GoBack]Figure 7 Power consumption simulation results
Table 5 Power consumption simulation results {Indoor, VR/AR, FR1}
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	Mean PS gain
	

	Case 1
	-
	1(1/1), 1(2/2), 1(3/3), 1(4/4), 0.98(4.92/5)

	Enhanced DRX
	41.2%
	1(1/1)

	
	40.8%
	0.9583(1.9166/2)

	
	39.5%
	0.94(2.83/3)

	
	37.2%
	0.875(3.5/4)

	
	36%
	0.817(4.08/5)


Note: All UEs are used for obtaining the mean PS gain.
[bookmark: OLE_LINK7][bookmark: OLE_LINK2]According to the simulation results, the enhanced DRX has about 40% power saving gain with some capacity loss. The capacity of legacy DRX is 0, because it is hard to guarantee that XR traffic arrives at the DRX On period all the time, due to the misalignment between XR traffic periodicity (16.67ms) and DRX cycle [7]. For example, if a data packet arrives at DRX off, it may have no opportunity to be transmitted since the DRX cycle is set to be larger than the PDB requirement. With the dynamic adaption of drx-startoffset, the enhanced DRX scheme provides a better performance on system capacity than legacy DRX. It is because changing the drx-startoffset can reduce the DRX off duration and help to successfully deliver the traffic within PDB as shown in Figure 6.
[bookmark: _Toc68612486]Enhanced DRX has about 40% power saving gain with some capacity loss.
Please note that the large power saving gain is obtained by regarding all UL slots as sleep states. The power saving gain will decrease if the UL slots are regarded as transmission states given a certain Tx power state modelling.
FR2 Evaluations 
For FR2, 45Mbps traffic model is used for downlink capacity evaluation. PER is also set to 1%. The simulation parameters are listed in Appendix A.3. The capacity evaluation results for Indoor Hotspot scenarios in FR2 are shown in Figure 8.
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[bookmark: _Ref17271][bookmark: OLE_LINK3]Figure 8 Capacity simulation results in indoor Hotspots scenario
According to simulation results in Figure 8, it can be observed that up to 15 UEs per cell are able to achieve the capacity requirement in Indoor Hotspot scenario.
[bookmark: _Ref61898507][bookmark: _Ref53480440][bookmark: _Toc68612487]For DL XR traffic in FR2, system capacity with 15 UEs per cell can be achieved in Indoor Hotspot scenario.

[bookmark: _Toc82][bookmark: _Toc525][bookmark: _Toc29400][bookmark: _Toc29089]Conclusion
In this contribution, we provide some initial results of capacity and power consumption evaluations, and the following observations:
Observation 1:	Up to 12 UEs could be supported in Indoor Hotspot scenario and up to 13 UEs could be supported in Dense Urban scenario when downlink date rate is 30Mbps.
Observation 2:	6 UEs could be supported in Indoor Hotspot scenario and up to 8 UEs could be supported in Dense Urban scenario when downlink date rate is 45Mbps.
Observation 3:	Jitter using the values captured in the WA will cause slight performance loss in DL FR1.
Observation 4:	For uplink evaluation of interaction/pose information delivery, up to 24 UEs per cell could be supported in Indoor Hotspot scenario.
Observation 5:	Enhanced DRX has about 40% power saving gain with some capacity loss.
Observation 6:	For DL XR traffic in FR2, system capacity with 15 UEs per cell can be achieved in Indoor Hotspot scenario.
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Appendix A Simulation Parameters
Table A.1 simulation parameters for FR1 DL
	Parameters
	Value

	Scenario
	Scenario-1: Indoor Hotspot
12 nodes in 50 m x 120 m
	Scenario-2: Dense Urban
hexagonal layout with 7, 3 Sectors

	Inter-BS distance
	20m
	200m

	Carrier frequency
	4 GHz

	Duplex Mode / Simulation bandwidth
	100 MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
32TX:(M, N, P, Mg, Ng; Mp, Np) = (4,4, 2, 1, 1; 4, 4); 
The antenna tilt is 90 degrees.
	64 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
64TX:(M, N, P, Mg, Ng; Mp, Np) = (8,8, 2, 1, 1; 4, 8); 
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);
	4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Transmit Power
	24 dBm per 20M at TRP, and 23 dBm at UE
	44 dBm per 20M at TRP, and 23 dBm at UE

	BS Height
	3 m 
	25 m 

	UE Height
	1.5m
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Antenna Element Gain
	5dBi for BS and 0 dBi for UE
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	100% of users are indoor
Use 3km/h for modeling fading channel
	80% of users are indoor,20%of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	up to 15

	Scheduling Algorithm
	MU-MIMO+ PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	Target BLER
	10% for first transmission

	PHY processing delay
	UE PUSCH processing Capability #1,N1=10

	PDCCH overhead
	1/7(2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC


[bookmark: _Ref9233][bookmark: OLE_LINK18][bookmark: OLE_LINK19]
Table A.2 Simulation assumption for FR1 UL
	Parameter
	value

	Scenarios
	Scenario-1: Indoor Hotspot 
12 nodes in 50 m x 120 m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz

	Subcarrier spacing
	30 KHz

	Frame structure
	DDDSU (S: 10D:2G:2U) for UL interaction/pose information delivering

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32R: (4,4,2,1,1;4,4)
(dH,dV) = (0.5, 0.5)λ

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 2T: (1,1,2,1,1;1,1)
(dH, dV)=( 0.5, N/A)λ

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	UE max Power
	23 dBm 

	Power control
	[bookmark: OLE_LINK6][bookmark: OLE_LINK4]P0 = -80 dBm, alpha = 0.8

	Noise Figure
	5dB for BS and 9dB for UE

	Scheduler
	MU-MIMO+PF

	Device deployment
	100% indoor

	Down-tilt
	90 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10% for first transmission

	UE speed
	3 km/h

	HARQ/repetition
	HARQ retransmission,Maximum number of retransmissions is 3

	PHY processing delay
	UE PUSCH processing Capability #1,N2=12

	DMRE overhead
	4RE



[bookmark: _Ref5654]Table A.3 simulation parameters for FR2 DL
	Parameters
	Value

	Scenario
	Scenario-1: Indoor Hotspot
12 nodes in 50 m x 120 m

	Inter-BS distance
	20m

	Carrier frequency
	30 GHz

	Duplex Mode / Simulation bandwidth
	200 MHz

	SCS
	120KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	For 2T: (16,8,2,1,1;1,1)
(dH, dV)=(0.5, 0.5)λ

	UE Antenna Configuration
	For 4R/panel: (1,4,2,1,3;1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ

	Transmit Power
	23 dBm per 80M at TRP, EIRP should not exceed 58 dBm

	Antenna Height
	3 m for BS and 1.5 m for UE

	Antenna Element Gain
	5dBi for BS and 5 dBi for UE

	Receiver Noise Figure
	7 dB for BS and 13dB for UE

	UE distribution
	100% of users are indoor
Use 3km/h for modeling fading channel

	Number of UEs per cell
	up to 20

	Scheduling Algorithm
	SU-MIMO+ PF

	HARQ/repetition
	HARQ retransmission，Maximum number of retransmissions is 3

	Channel estimation
	Realist

	Target BLER
	10% for first transmission

	PHY processing delay
	UE PUSCH processing Capability #1,N1=10

	PDCCH overhead
	1/7(2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC
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FR1, Dense Urban, 30Mbps
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FR1, Indoor scenario, 45Mbps
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FR1, Dense Urban, 45Mbps
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FR1, indoor scenario, Uplink

2 4 6 8 10 12 14 16 18 20 22 24

The number of UEs per cell

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

R

e

s

o

u

r

c

e

 

U

t

i

l

i

z

a

t

i

o

n


image11.png
dnx-

traffic arrives and not receive any
startOfise | isreceied data P08
v ~= ! |
traffic arives traffic dr
legacy
DRX
dnccycle dnonDurationTimer
not receive any fraficis
dnestaOffset =0 y.hic arrives and data received  cpange dix-
is received PR, i | —startofet
| traffic arrives
‘enhanced
DRX

drx cycle drx-onDurationTimer drx cycle




image12.emf
1 2 3 4 5 6 7

number of UEs per cell

0

10

20

30

40

50

60

70

80

90

100

p

e

r

c

e

n

t

a

g

e

 

o

f

 

s

a

t

i

s

f

i

e

d

 

U

E

(

%

)

baseline

enhanced DRX

legacy DRX


image13.emf
1 2 3 4 5 6 7

number of UEs per cell

33

34

35

36

37

38

39

40

41

42

p

o

w

e

r

 

s

a

v

i

n

g

 

g

a

i

n

(

%

)

enhanced DRX


image14.emf
5 10 15 20

The number of UEs per cell

60

65

70

75

80

85

90

95

100

S

a

t

i

s

f

i

e

d

 

U

E

 

p

e

r

c

e

n

t

a

g

e

(

%

)

FR2, indoor scenario, 45Mbps


image15.emf
FR2, indoor scenario, 45Mbps
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