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<New annex>

Annex X:
Coexistence studies for 29 dBm UE Power Class for LTE Band 41 and NR Band n41
X.1
Simulation assumptions

X.1.1
Macro cell Propagation model

X.1.1.1
Macro cell Propagation model - Urban and Suburban Areas

The propagation model is a derived from TR 36.942.

Considering a carrier frequency of 2.6 GHz and a base station antenna height of 15 m above average rooftop level, the propagation model is given by the following equation:
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where:

R is the base station-UE separation in kilometres

X.1.1.2 
Macro cell Propagation model - Rural Area

The propagation model is a derived from TR 36.942.

For rural area, the Hata model is not applicable for a carrier frequency of 2.6 GHz, while the modified Hata model can be used:
Case 1:

d ( 0.6 km
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Case 2:

d  0.6 km
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where: d is the base station-UE separation in kilometres

X.1.2
Power Control Simulation Parameters

Table X.1.2-1 CLx-ile parameters for +23 dBm UE

(a) CLx-ile parameters for +23 dBm UE using 0.75 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1'
	1
	117
	120

	Set 2
	0,8
	133
	137


(b) CLx-ile parameters for +23 dBm UE using 2.8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153


(c) CLx-ile parameters for +23 dBm UE using 6 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	117
	120

	Set 2
	0,8
	132
	136


(d) CLx-ile parameters for +23 dBm UE using 8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	122
	124

	Set 2
	0,8
	136
	140


Table X.1.2-2 CLx-ile power control algorithm parameters for +29 dBm UE

(a) CLx-ile power control algorithm parameters for +29 dBm UE using 0.75 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	115
	118

	Set 1'
	1
	123
	126

	Set 2
	0,8
	141
	145


(b) CLx-ile power control algorithm parameters for +29 dBm UE using 2.8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	139
	142

	Set 2
	0,8
	157
	161


(c) CLx-ile power control algorithm parameters for +29 dBm UE using 6 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	123
	126

	Set 2
	0,8
	140
	144


(d) CLx-ile power control algorithm parameters for +29 dBm UE using 8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	128
	130

	Set 2
	0,8
	144
	148


X.1.3
Cell Layout

Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure X.1.3-1), with wrap around. The number of sites shall be equal to or higher than 19. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference).

[image: image4.jpg]Cell radius R Cell range 2'R
- -

Inter-sife distance 3R





Figure X.1.3-1: Uncoordinated macro cellular deployment

The inter-site distances considered in the present document are provided in Table X.1.3-1 below.

Table X.1.3-1: Inter-site distances and Propagation model

	Environment 
	ISD (km)
	ISD (miles) 

	Urban 
	.75
	.47

	Suburban 
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5


X.1.4
Other Simulation Assumptions

Other simulation assumptions are summarized in Table X.1.4-1 below:

Table X.1.4-1: Simulation parameters for Band 41 system 

(a) With 23 dBm UE

	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz, 10 MHz

	Inter-site distance
	Use Table X.1.3-1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)

80 dB (rural area)

	Antenna gain and horizontal antenna pattern
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 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942

ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


(b) With 29 dBm UE

	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	10 MHz

	Inter-site distance
	Use Table X.1.3-1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)

80 dB (rural area)

	Antenna gain and horizontal antenna pattern
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 = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	29 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942

ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


Simulations should assume the worst case of 100 % HPUEs in the scenarios with HPUEs.

X.1.5
Simulation Procedure

For the co-existence study, the following procedure shall be performed:

1)
Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according Table X.1.4-1 (a). Power control parameters in Table X.1.2-1 are used. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41 victim system performance degradation results in this scenario are used as the baseline. Provide a CDF plot of UE transmit power.

2)
Run the Band 41 UL to UL coexistence study, assuming +29 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in Tables X.1.4-1 (a) and X.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in Tables X.1.2-1 and X.1.2-2 are used for the victim and interfering system, respectively. Provide a CDF plot of UE transmit power.
3)
Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 29 dBm UE ACLR value so that the victim system performance degradation due to 29 dBm UE in 2) is the same as 1).

X.2
Simulation results

X.2.1
UE ACLR

The summary of the ACLR simulation results is shown in the Table X.2.1-1 below.

Table X.2.1-1 Summary of ACLR simulation results (additional ACLR needed)
	
	20 MHz (R4-1901489, R4-1901490)
	10 MHz (R4-1903115, R4-1903116)
	10 MHz (R4-1904020, R4-1904021)

	ISD
	Avg
	5th percentile
	Avg
	5th percentile
	Avg
	5th percentile

	0.75 km
	0.56
	0.57
	0.53
	0.24
	0.08
	0.38

	2.8 km
	0.23
	0.31
	0.08
	0.11
	
	

	6 km
	0.33
	0.37
	0.13
	0.20
	0.30
	0.14

	8 km
	0.29
	0.18
	0.07
	0.07
	0.20
	0


The simulation results have shown that when the UL power control parameters are adjusted according to the UE maximum output power, the ACLR of the 29 dBm UE need to be improved (~1 dB) so that the victim system performance degradation due to 29 dBm interfering UE is the same as that due to 23 dBm interfering UE. Therefore, a value of 31 dB for ACLR is needed for 29 dBm UE.

X.2.2
BS Receiver Blocking

The summary of the 99.99%-tile victim BS received signal power from 29 dBm UE for the simulated cases is shown in the Table X.2.2-2 below.

Table X.2.2-2 Summary of 99.99%-tile victim BS received signal power from 29 dBm UE
	
	Scenario
	Power control parameters
	20 MHz (R4-1901489, R4-1901490)
	10 MHz (R4-1903115, R4-1903116)

	29 dBm UE
	Urban:

ISD = 0.75 km
	1
	-42.3112
	-45.3109

	
	
	1'
	-50.3107
	-53.3107

	
	
	2
	-62.8175
	-66.0175

	
	Suburban:

ISD = 2.8 km
	1
	-48.8596
	-51.8596

	
	
	2
	-62.4909
	-65.6909

	
	Rural:

ISD = 6 km
	1
	-52.1831
	-55.0907

	
	
	2
	-65.4718
	-68.6718

	
	Rural:

ISD = 8 km
	1
	-53.5211
	-55.5211

	
	
	2
	-65.8158
	-69.0158


The simulation results have shown that the 99.99%-tile received signal power in all simulated cases, except with the more aggressive Set 1 for 0.75 km inter-site distance, are lower than the current -43 dBm in-band blocking requirements specified in RAN4 specifications for wide-area BS. Although the 99.99%-tile received signal power with the more aggressive Set 1 for 0.75 km inter-site distance is slightly (<0.7 dB) higher than -43 dBm, this should not be an issue for typical BS implementation with reasonable margin over the standards requirements. Therefore, the current BS in-band blocking requirements can also be applied for the 29 dBm UE case, and there is no need to specify new BS in-band blocking requirements.

X.3
Conclusions

The simulation results have shown that when the UL power control parameters are adjusted according to the UE maximum output power, the ACLR of the 29 dBm UE need to be improved (~1 dB) so that the victim system performance degradation due to 29 dBm interfering UE is the same as that due to 23 dBm interfering UE. Therefore, a value of 31 dB for ACLR is needed for 29 dBm UE.

Moreover, the simulation results have shown that the current BS in-band blocking requirements can also be applied for the 29 dBm UE case, and there is no need to specify new BS in-band blocking requirements.
<End of change>
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