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1.	Introduction
The revised WID on High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands was approved at TSG RAN #98e [1]. One of the objectives of this work item is to define power class 1 (31 dBm) requirements for NR Band n41. Hence system level simulations need to be performed for the coexistence study similar to those performed on 29 dBm UE Power Class for LTE Band 41 and NR Band n41 and recorded in Annex C of TR 38.817-01 [2].
The TP on the system level simulation methodology and assumptions for coexistence study on 31 dBm UE Power Class for LTE Band 41 and NR Band n41 was approved [2] and simulation results were presented [3] at TSG RAN4 #106bis. This contribution provides a text proposal to record the simulation results into annex A in TR 37.829 [4].

2.	Text proposal
<Start of change>
[bookmark: _Toc129264957][bookmark: _Toc129264958]Annex A:
Coexistence studies for 31 dBm UE Power Class for LTE Band 41 and NR Band n41
A.1	Simulation assumptions
A.1.1	Macro cell Propagation model
[bookmark: _Toc129264960]A.1.1.1	Macro cell Propagation model – Urban and Suburban Areas
The propagation model is a derived from TR 36.942 [3].
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:
[bookmark: _Hlk130922327]	

where:	
R is the base station-UE separation in kilometres
[bookmark: _Toc129264961]A.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
	
Case 2:		d  0.6 km
	
where: d is the base station-UE separation in kilometres
[bookmark: _Toc129264962]A.1.2	Power Control Simulation Parameters
Table A.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 A.1.2-2 CLx-ile power control algorithm parameters for +31 dBm UE
(a) CLx-ile power control algorithm parameters for +31 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
	117
	120

	Set 1’
	1
	125
	128

	Set 2
	0,8
	143
	147



(b) CLx-ile power control algorithm parameters for +31 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
	141
	144

	Set 2
	0,8
	159
	163



© (c) CLx-ile power control algorithm parameters for +31 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
	125
	128

	Set 2
	0,8
	142
	146



(d) CLx-ile power control algorithm parameters for +31 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
	130
	132

	Set 2
	0,8
	146
	150



[bookmark: _Toc129264963]A.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 A.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: cell_layout2]
Figure A.1.3-1: Uncoordinated macro cellular deployment
The inter-site distances considered in the present document are provided in Table A.1.3-1 below.
Table A.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



[bookmark: _Toc129264964]A.1.4	Other Simulation Assumptions
Other simulation assumptions are summarized in Table A.1.4-1 below:
Table A.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 A.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
	



17 dBi,  = 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 (20 MHz), 33 dB (10 MHz)



(b) With 31 dBm UE
	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz, 10 MHz

	Inter-site distance
	Use Table A.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
	



17 dBi,  = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	31 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 (20 MHz), 33 dB (10 MHz)



Simulations should assume the worst case of 100 % HPUEs in the scenarios with HPUEs.
[bookmark: _Toc129264965]A.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 A.1.4-1 (a). Power control parameters in Table A.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 +31 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 A.1.4-1 (a) and A.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in Tables A.1.2-1 and A.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 31 dBm UE ACLR value so that the victim system performance degradation due to 31 dBm UE in 2) is the same as 1).
A.2	Simulation results
[bookmark: _Toc129264959]A.2.1	0.75 km inter-site distance
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 0.75 km inter-site distance with 20 MHz channel bandwidth are shown in Figure A.2.1-1 below.
[image: ]
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	Average throughput loss (23 dBm interfering UE)
	2.99%
	

	5%-tile throughput loss (23 dBm interfering UE)
	3.02%
	

	Average throughput loss (31 dBm interfering UE)
	3.35%
	1.68%

	5%-tile throughput loss (31 dBm interfering UE)
	4.30%
	1.48%



 (a) With Power Control Parameter Set 1
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(b) With Power Control Parameter Set 1’
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	5%-tile throughput loss (23 dBm interfering UE)
	1.49%

	Average throughput loss (31 dBm interfering UE)
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(c) With Power Control Parameter Set 2
Figure A.2.1-1: For 0.75 km inter-site distance with 20 MHz channel bandwidth

It can be seen from the CDFs of the UE transmit power in Figure A.2.1-1 that the CDFs of the 23 dBm UE and the 31 dBm UE are identical until the UE reach their maximum output power. This is expected as the CLx-ile is adjusted according to the UE maximum output power. Comparing the CDFs of the UE transmit power with Set 1 and Set 1’, it can be seen that more (~10% of 23 dBm UE and ~1.5% of 31 dBm UE) of the UE population transmitted with their maximum output power with the more aggressive Set 1.
Moreover, it can be seen from the victim system UL throughput loss Vs ACLR offset results in Figure A.2.1-1 that with the more aggressive Set 1, the 37 dB ACLR of the 31 dBm UE (currently specified for power class 1 UE) will ensure that the victim system performance degradation due to 31 dBm interfering UE is not larger than that due to 23 dBm interfering UE.
A.2.2	2.8 km inter-site distance
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 2.8 km inter-site distance with 20 MHz channel bandwidth are shown in Figure A.2.2-1 below.
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	Average throughput loss (23 dBm interfering UE)
	1.35%
	

	5%-tile throughput loss (23 dBm interfering UE)
	12.21%
	

	Average throughput loss (31 dBm interfering UE)
	1.43%
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	5%-tile throughput loss (31 dBm interfering UE)
	13.03%
	6.81%



(a) With Power Control Parameter Set 1
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(b) With Power Control Parameter Set 2
Figure A.2.2-1: For 2.8 km inter-site distance with 20 MHz channel bandwidth

Similar observations can be made from the results in Figure A.2.2-1, namely that the CDFs of the 23 dBm UE and the 31 dBm UE are identical until the UE reach their maximum output power, more (~6% of 23 dBm UE and ~1% of 31 dBm UE) of the UE population transmitted with their maximum output power with the more aggressive Set 1, and the 37 dB ACLR of the 31 dBm UE (currently specified for power class 1 UE) will ensure that the victim system performance degradation due to 31 dBm interfering UE is not larger than that due to 23 dBm interfering UE.
A.2.3	6 km inter-site distance
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 6 km inter-site distance with 20 MHz channel bandwidth are shown in Figure A.2.3-1 below.
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(a) With Power Control Parameter Set 1
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(b) With Power Control Parameter Set 2
Figure A.2.3-1: For 6 km inter-site distance with 20 MHz channel bandwidth

Similar observations can be made from the results in Figure A.2.3-1, namely that the CDFs of the 23 dBm UE and the 31 dBm UE are identical until the UE reach their maximum output power, more (~6% of 23 dBm UE and ~1% of 31 dBm UE) of the UE population transmitted with their maximum output power with the more aggressive Set 1, and the 37 dB ACLR of the 31 dBm UE (currently specified for power class 1 UE) will ensure that the victim system performance degradation due to 31 dBm interfering UE is not larger than that due to 23 dBm interfering UE.
A.2.4	8 km inter-site distance
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 8 km inter-site distance with 20 MHz channel bandwidth are shown in Figure A.2.4-1 below.
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(a) With Power Control Parameter Set 1
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(b) With Power Control Parameter Set 2
Figure A.2.4: For 8 km inter-site distance with 20 MHz channel bandwidth

Similar observations can be made from the results in Figure A.2.4-1, namely that the CDFs of the 23 dBm UE and the 31 dBm UE are identical until the UE reach their maximum output power, more (~5% of 23 dBm UE and ~1% of 31 dBm UE) of the UE population transmitted with their maximum output power with the more aggressive Set 1, and the 37 dB ACLR of the 31 dBm UE (currently specified for power class 1 UE) will ensure that the victim system performance degradation due to 31 dBm interfering UE is not larger than that due to 23 dBm interfering UE.
A.2.5	BS received signal power
The 99.99%-tile of the victim BS received signal power for the simulated 31 dBm UE cases with 20 MHz channel bandwidth are summarized in Table A.2.5-1 below. It can be seen 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. In the exception case, site engineering solutions (e.g., larger distance between victim BS and interfering FWA UE, better RF filtering in the victim BS receiver chain) will be required to ensure satisfactory coexistence between the victim BS and interfering 31 dBm UE.
Table A.2.5-1: 99.99%-tile victim BS received signal power with 20 MHz channel bandwidth
	Power control parameters
	0.75 km inter-site distance
	2.8 km inter-site distance
	6 km inter-site distance
	8 km inter-site distance

	Set 1
	-38.9983
	-47.0811
	-49.2813
	-50.0217

	Set 1’
	-43.7443
	
	
	

	Set 2
	-57.1937
	-60.0083
	-62.8238
	-62.6169



<End of change>
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