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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 n77. Hence system level simulations need to be performed for the coexistence study similar to those performed on 31 dBm UE Power Class for LTE Band 41 and NR Band n41 and recorded in Annex A of TR 37.829 [2].
This contribution provides the system level simulation results according to the system level simulation methodology and assumptions for coexistence study on 31 dBm UE Power Class for NR Band n77 proposed in [3].

2.	Simulation Results and Discussion
The inter-site distances considered in this study are provided in Table 2.1 below. Note that the UL power control parameters are adjusted according to the UE maximum output power according to the proposed assumptions [3]. This represents the case where the 31 dBm UE is used to enhance the UL coverage rather than capacity in the urban and suburban areas. The channel bandwidth of 20 MHz is simulated.
Table 2.1: Inter-site distances (ISD)
	Environment
	ISD (km)
	ISD (miles)

	Urban
	.5
	.31

	Suburban
	1
	.62

	Rural
	2
	1.24

	Rural
	5
	3.11



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 0.5 km inter-site distance are shown in Figure 2.1 below.
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	Average throughput loss (23 dBm interfering UE)
	2.34%
	

	5%-tile throughput loss (23 dBm interfering UE)
	2.26%
	

	Average throughput loss (31 dBm interfering UE)
	2.48%
	1.15%

	5%-tile throughput loss (31 dBm interfering UE)
	2.45%
	0.58%



 (a) With Power Control Parameter Set 1
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	5%-tile throughput loss (23 dBm interfering UE)
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	Average throughput loss (31 dBm interfering UE)
	2.52%
	1.17%

	5%-tile throughput loss (31 dBm interfering UE)
	2.84%
	0.69%



(b) With Power Control Parameter Set 1’
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	Average throughput loss (23 dBm interfering UE)
	1.44%

	5%-tile throughput loss (23 dBm interfering UE)
	1.78%

	Average throughput loss (31 dBm interfering UE)
	1.44%

	5%-tile throughput loss (31 dBm interfering UE)
	1.78%



(c) With Power Control Parameter Set 2
Figure 2.1: For 0.5 km inter-site distance
It can be seen from the CDFs of the UE transmit power in Figure 2.1 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 1/1’ and Set 2, it can be seen that more (~5% of 23 dBm UE and ~0.5% of 31 dBm UE) of the UE population transmitted with their maximum output power with the more aggressive Set 1/1’.
Moreover, it can be seen from the victim system UL throughput loss Vs ACLR offset results in Figure 2.1 that with the more aggressive Set 1/1’, 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.
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 1 km inter-site distance are shown in Figure 2.2 below.
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	Average throughput loss (23 dBm interfering UE)
	3.22%
	

	5%-tile throughput loss (23 dBm interfering UE)
	6.23%
	

	Average throughput loss (31 dBm interfering UE)
	3.39%
	1.81%

	5%-tile throughput loss (31 dBm interfering UE)
	6.73%
	2.69%



(a) With Power Control Parameter Set 1
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	Average throughput loss (23 dBm interfering UE)
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	5%-tile throughput loss (23 dBm interfering UE)
	2.16%

	Average throughput loss (31 dBm interfering UE)
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	5%-tile throughput loss (31 dBm interfering UE)
	2.16%



(b) With Power Control Parameter Set 2
Figure 2.2: For 1 km inter-site distance
Similar observations can be made from the results in Figure 2.2, 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.
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 km inter-site distance are shown in Figure 2.3 below.
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	Average throughput loss (23 dBm interfering UE)
	1.76%
	

	5%-tile throughput loss (23 dBm interfering UE)
	11.09%
	

	Average throughput loss (31 dBm interfering UE)
	1.87%
	1.08%

	5%-tile throughput loss (31 dBm interfering UE)
	11.93%
	6.14%



(a) With Power Control Parameter Set 1
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	Average throughput loss (23 dBm interfering UE)
	0.42%

	5%-tile throughput loss (23 dBm interfering UE)
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	Average throughput loss (31 dBm interfering UE)
	0.42%

	5%-tile throughput loss (31 dBm interfering UE)
	0.62%



(b) With Power Control Parameter Set 2
Figure 2.3: For 2 km inter-site distance
Similar observations can be made from the results in Figure 2.3, 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.
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 5 km inter-site distance are shown in Figure 2.4 below.
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	Average throughput loss (23 dBm interfering UE)
	1.06%
	

	5%-tile throughput loss (23 dBm interfering UE)
	0.77%
	

	Average throughput loss (31 dBm interfering UE)
	1.16%
	0.48%

	5%-tile throughput loss (31 dBm interfering UE)
	0.97%
	0.22%



(a) With Power Control Parameter Set 1
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	Average throughput loss (23 dBm interfering UE)
	0.47%

	5%-tile throughput loss (23 dBm interfering UE)
	0.57%

	Average throughput loss (31 dBm interfering UE)
	0.47%
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	0.57%



(b) With Power Control Parameter Set 2
Figure 2.4: For 5 km inter-site distance
Similar observations can be made from the results in Figure 2.4, 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 (~5.5% of 23 dBm UE and ~0.5% 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.
The 99.99%-tile of the victim BS received signal power for the simulated 31 dBm UE cases are summarized in Table 2.2 below. It can be seen that the 99.99%-tile received signal power in all simulated cases, except with the more aggressive Set 1/1’ for 0.5/1 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 cases, 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 2.2: 99.99%-tile victim BS received signal power
	Power control parameters
	0.5 km inter-site distance
	1 km inter-site distance
	2 km inter-site distance
	5 km inter-site distance

	Set 1
	-42.7383
	-39.0000
	-46.1582
	-49.6809

	Set 1’
	-41.7383
	
	
	

	Set 2
	-55.4697
	-52.8777
	-62.8238
	-62.3430



3.	Conclusion
This contribution provides the system level simulation results according to the system level simulation methodology and assumptions for coexistence study on 31 dBm UE Power Class for NR Band n77 proposed in [3]. The simulation results show that when the UL power control parameters are adjusted according to the UE maximum output power, 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. Moreover, the simulation results show that the current BS in-band blocking requirements can also be applied for the 31 dBm UE in all simulated cases, except with the more aggressive Set 1/1’ for 0.5/1 km inter-site distance where site engineering solutions will be required to ensure satisfactory coexistence between the victim BS and interfering 31 dBm UE.

References
[1]	RP-223424, “Revised WID: High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands”, Nokia.
[2]	R4-2300419, “TR 37.829 v0.4.0”, Nokia.
[3]	R4-2304113, “System level simulation methodology and assumptions for coexistence study on 31dBm UE Power Class for NR Band n77”, Nokia, Nokia Shanghai Bell.

5

image3.emf
-20 -10 0 10 20 30 40

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image4.emf
18 20 22 24 26 28 30 32

UE transmit power (dBm)

90

91

92

93

94

95

96

97

98

99

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image5.emf
-30 -20 -10 0 10 20 30 40

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image6.emf
-30 -20 -10 0 10 20 30 40

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image7.emf
18 20 22 24 26 28 30 32

UE transmit power (dBm)

90

91

92

93

94

95

96

97

98

99

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image8.emf
-40 -30 -20 -10 0 10 20 30

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image9.emf
-40 -30 -20 -10 0 10 20 30 40

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image10.emf
18 20 22 24 26 28 30 32

UE transmit power (dBm)

90

91

92

93

94

95

96

97

98

99

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image11.emf
-40 -30 -20 -10 0 10 20 30

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image12.emf
-15 -10 -5 0 5 10 15 20 25 30 35

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image13.emf
18 20 22 24 26 28 30 32

UE transmit power (dBm)

90

91

92

93

94

95

96

97

98

99

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image14.emf
-30 -20 -10 0 10 20 30

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image1.emf
-20 -10 0 10 20 30 40

UE transmit power (dBm)

0

10

20

30

40

50

60

70

80

90

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


image2.emf
18 20 22 24 26 28 30 32

UE transmit power (dBm)

90

91

92

93

94

95

96

97

98

99

100

C

D

F

 

(

%

)

23dBm UE

31dBm UE


