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The study item on New Band 41 UE power class supporting +26 dBm was approved at RAN #68. In RAN4 #76bis meeting, the system level simulation methodology and assumptions for coexistence study on new Band 41 UE power class supporting +26 dBm was approved in [1]. The power control (PC) settings are further discussed in RAN4 #77 meeting and the modified PC parameters are approved in [2].
In this contribution, we provide the system level simulation results for coexistence study on new Band 41 UE supporting +26 dBm power class using the approved assumptions and updated PC parameters.

Simulation assumptions
In this contribution we follow the simulation assumptions and methodology agreed in [1] and [2]. The key assumptions for this high power UE coexistence simulation are related to path loss model, inter site distance (ISD) and power control (PC) settings. The path loss model and ISD settings are specified in [1], and the PC settings are further updated in R4-158342 [2] where the following parameters for the different scenarios were agreed. 
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



CLx-ile power control algorithm parameters for +26 dBm UE
(a) CLx-ile power control algorithm parameters for +26 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
	112
	115

	Set 1’
	1
	120
	123

	Set 2
	0,8
	137
	141



(b) CLx-ile power control algorithm parameters for +26 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
	136
	139

	Set 2
	0,8
	153
	157



(c) CLx-ile power control algorithm parameters for +26 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
	120
	123

	Set 2
	0,8
	136
	140



(d) CLx-ile power control algorithm parameters for +26 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
	125
	127

	Set 2
	0,8
	140
	144



In current agreed parameters in [2], for PC set 2 with gamma =0.8, an approximately approach is applied, CLx-ile for Power class 2 is adjusted by 3 / 0.8 = 3.75 ≈ 4 dB which means CLx-ile,26dBm = CLx-ile,23dBm + 4dB for Gamma =0.8.
In this contribution, we also simulated the cases that ΔCLx-ile= 3.75 dB (exactly value) rather than 4 dB (approximately value) for Gamma = 0.8, which named <PC Set 2’> in below sections. In other words, CLx-ile,26dBm = CLx-ile,23dBm + 3.75 dB for Gamma = 0.8.
Other simulation parameters and assumptions are specified in [1] and [3].
Since the percentage of UEs transmitting maximum output power, i.e. Tx power ≥ 23dBm, is very low, we also evaluated the performance loss for more cases with different CLx-ile settings according to Sprint’s request.
Simulation results
 Results for assumptions in R4-158342
In this section, we provide the simulation results for coexistence study of Band 41 UEs transmitting 26dBm maximum output power to legacy Band 41 adjacent system.
Below Table 1 and Table 2 summarize the simulation results for 10MHz and 20MHz bandwidths respectively. 4 scenarios with different ISD and different PC setting are evaluated. For each case, the percentage of UE transmitting at full power (i.e. Tx power is larger than 23dBm) and the UL throughput loss (average and 5%-tile of CDF) at different ACLR offset X are provided.
More detailed simulation results including the CDF curves of interfering UE transmission power can be referred in the Annex.
Table 1. Summarized simulation results for 10MHz bandwidth
	ISD
	PC set
	Gamma
	CLx-ile
(23dBm/26dBm)
	Percentage of
Ptx > 23dBm
	Average loss
	5%-tile loss

	
	
	
	
	
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB

	750m
	1
	1
	112/115
	2.03%
	1.67%
	1.75%
	1.47%
	1.59%
	2.03%
	0.84%

	750m
	1’
	1
	120/123
	0.21%
	2.63%
	2.64%
	2.24%
	2.05%
	2.05%
	1.00%

	750m
	2
	0.8
	137/141
	0.00%
	0.66%
	0.60%
	0.52%
	0.64%
	0.64%
	0.52%

	750m
	2’
	0.8
	137/140.75
	0.00%
	0.66%
	0.66%
	0.53%
	0.64%
	0.64%
	0.55%

	2.8km
	1
	1
	136/139
	0.91%
	0.74%
	0.74%
	0.59%
	1.27%
	1.28%
	1.09%

	2.8km
	2
	0.8
	153/157
	0.00%
	0.11%
	0.11%
	0.00%
	-
	-
	-

	2.8km
	2’
	0.8
	153/156.75
	0.00%
	0.11%
	0.11%
	0.00%
	-
	-
	-

	6km
	1
	1
	120/123
	1.05%
	1.82%
	1.84%
	1.35%
	0.54%
	0.54%
	0.50%

	6km
	2
	0.8
	136/140
	0.00%
	0.22%
	0.21%
	0.17%
	0.11%
	0.07%
	0.03%

	6km
	2’
	0.8
	136/139.75
	0.00%
	0.22%
	0.22%
	0.18%
	0.11%
	0.11%
	0.03%

	8km
	1
	1
	124/127
	1.06%
	0.61%
	0.62%
	0.51%
	0.70%
	0.70%
	0.47%

	8km
	2
	0.8
	140/144
	0.00%
	0.16%
	0.15%
	0.12%
	0.08%
	0.08%
	0.06%

	8km
	2’
	0.8
	140/143.75
	0.00%
	0.16%
	0.16%
	0.12%
	0.08%
	0.08%
	0.06%



Table 2. Summarized simulation results for 20MHz bandwidth
	ISD
	PC set
	Gamma
	CLx-ile
(23dBm/26dBm)
	Percentage of
Ptx > 23dBm
	Average loss
	5%-tile loss

	
	
	
	
	
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB

	750m
	1
	1
	109/112
	4.35%
	1.82%
	1.93%
	1.54%
	0.94%
	1.03%
	0.85%

	750m
	1’
	1
	117/120
	0.44%
	2.51%
	2.52%
	2.05%
	1.31%
	1.31%
	1.03%

	750m
	2
	0.8
	133/137
	0.00%
	1.40%
	1.33%
	1.07%
	0.67%
	0.64%
	0.45%

	750m
	2’
	0.8
	133/136.75
	0.00%
	1.40%
	1.40%
	1.11%
	0.67%
	0.67%
	0.46%

	2.8km
	1
	1
	133/136
	2.47%
	0.93%
	0.95%
	0.80%
	2.62%
	2.68%
	2.30%

	2.8km
	2
	0.8
	149/153
	0.02%
	0.34%
	0.34%
	0.32%
	-
	-
	-

	2.8km
	2’
	0.8
	149/152.75
	0.02%
	0.34%
	0.34%
	0.32%
	-
	-
	-

	6km
	1
	1
	117/120
	2.22%
	1.50%
	1.56%
	1.26%
	0.15%
	0.15%
	0.14%

	6km
	2
	0.8
	132/136
	0.01%
	0.63%
	0.62%
	0.48%
	0.45%
	0.45%
	0.38%

	6km
	2’
	0.8
	132/135.75
	0.01%
	0.63%
	0.63%
	0.50%
	0.45%
	0.45%
	0.38%

	8km
	1
	1
	122/125
	1.96%
	2.38%
	2.44%
	2.06%
	0.72%
	0.72%
	0.54%

	8km
	2
	0.8
	136/140
	0.01%
	0.26%
	0.25%
	0.20%
	0.40%
	0.40%
	0.30%

	8km
	2’
	0.8
	136/139.75
	0.01%
	0.26%
	0.26%
	0.21%
	0.40%
	0.40%
	0.31%



Based on the above simulation results, it can be observed:
· When we look at the throughput loss with power control set 2, in some scenarios, the throughput loss for 26dBm interfering UE is even lower than 23dBm interfering UE, e.g. in the case of {20MHz, ISD=750m, Set 2}, the average throughput loss is 1.40% for 23dBm interfering UE, and 1.33% for 26dBm interfering UE. The reason is that the approximately approach is applied on the additional CLx-ile for Power class 2 with Gamma =0.8, which is adjusted by 3 / 0.8 = 3.75 ≈ 4 dB. So, we also evaluate the case of PC set 2’ with additional CLx-ile = 3.75dB.
· From all the results above, in the worst cast, the percentage of UE transmitting at full power (i.e. Tx power is larger than 23dBm) is lower than 5%.
· For the throughput loss, in the worst cast, when 26dBm interfering UE with ACLR offset X = 1 dB, the throughput loss will be lower than then baseline that 23dBm interfering UE with no ACLR offset. So, less than 1 dB of additional ACLR is needed.
The above observations are summarized as:
Observation 1: Less than 1 dB of additional ACLR is needed for Band 41 UE supporting +26 dBm power class.

 Results for additional assumptions from Sprint
Since the percentage of UEs transmitting maximum output power is lower than 5%, we also evaluated the performance loss for more cases with different CLx-ile settings according to Sprint’s request, which are indicated by 5 Groups:
(1) Group 0: same to R4-158342;
(2) Group 1: target 5% UE on maximum output power;
(3) Group 2: target 10% UE on maximum output power;
(4) Group 1: target 15% UE on maximum output power;
(5) Group 1: target 20% UE on maximum output power.

The simulation results for the 5 Groups are summarized as below table. Here, only the 20MHz bandwidth and PC Set 1 (i.e. Gamma = 1) cases are evaluated.


1

1

Table 3. Summarized simulation results for additional CLx-ile settings
	Group #
	ISD
	PC set
	Gamma
	CLx-ile
(23dBm/26dBm)
	Percentage of Ptx > 23dBm
	Average loss
	5%-tile loss

	
	
	
	
	
	
	23dBm X=0dB
(baseline)
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	26dBm X=3dB
	26dBm X=4dB
	26dBm X=5dB
	23dBm X=0dB
(baseline)
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	26dBm X=3dB
	26dBm X=4dB
	26dBm X=5dB

	0
	750m
	1
	1
	109/112
	4.35%
	1.82%
	1.93%
	1.54%
	1.26%
	1.00%
	0.79%
	0.64%
	0.94%
	1.03%
	0.85%
	0.63%
	0.38%
	0.35%
	0.34%

	
	2.8km
	1
	1
	133/136
	2.48%
	0.93%
	0.95%
	0.80%
	0.69%
	0.58%
	0.49%
	0.42%
	2.62%
	2.68%
	2.30%
	1.85%
	1.56%
	1.14%
	0.91%

	
	6km
	1
	1
	117/120
	2.23%
	1.50%
	1.56%
	1.26%
	1.06%
	0.88%
	0.68%
	0.55%
	0.15%
	0.15%
	0.14%
	0.10%
	0.07%
	0.06%
	0.05%

	
	8km
	1
	1
	122/125
	1.97%
	2.38%
	2.44%
	2.06%
	1.74%
	1.39%
	1.07%
	0.83%
	0.72%
	0.72%
	0.54%
	0.37%
	0.18%
	0.17%
	0.16%

	1
	750m
	1
	1
	109/112
	4.35%
	1.82%
	1.93%
	1.54%
	1.26%
	1.00%
	0.79%
	0.64%
	0.94%
	1.03%
	0.85%
	0.63%
	0.38%
	0.35%
	0.34%

	
	2.8km
	1
	1
	130/133
	5.08%
	1.27%
	1.32%
	1.13%
	0.96%
	0.81%
	0.69%
	0.59%
	4.21%
	4.21%
	3.57%
	2.89%
	2.45%
	1.90%
	1.49%

	
	6km
	1
	1
	114/117
	4.72%
	1.27%
	1.37%
	1.03%
	0.78%
	0.64%
	0.53%
	0.43%
	0.36%
	0.36%
	0.32%
	0.24%
	0.08%
	0.07%
	0.06%

	
	8km
	1
	1
	119/122
	4.10%
	2.08%
	2.18%
	1.78%
	1.49%
	1.16%
	0.92%
	0.76%
	0.62%
	0.63%
	0.46%
	0.29%
	0.23%
	0.17%
	0.16%

	2
	750m
	1
	1
	105/108
	9.82%
	1.47%
	1.77%
	1.40%
	1.16%
	0.92%
	0.74%
	0.60%
	0.85%
	1.24%
	0.89%
	0.44%
	0.35%
	0.32%
	0.24%

	
	2.8km
	1
	1
	127/130
	9.06%
	1.62%
	1.73%
	1.48%
	1.27%
	1.08%
	0.91%
	0.77%
	6.57%
	7.13%
	5.89%
	4.61%
	3.81%
	2.70%
	1.73%

	
	6km
	1
	1
	111/114
	8.92%
	0.93%
	1.07%
	0.86%
	0.75%
	0.61%
	0.48%
	0.39%
	0.36%
	0.40%
	0.34%
	0.22%
	0.16%
	0.10%
	0.10%

	
	8km
	1
	1
	115/118
	9.29%
	1.33%
	1.52%
	1.20%
	0.97%
	0.83%
	0.67%
	0.53%
	0.95%
	0.98%
	0.82%
	0.51%
	0.43%
	0.31%
	0.28%

	3
	750m
	1
	1
	103/106
	14.35%
	1.11%
	1.41%
	1.10%
	0.84%
	0.67%
	0.48%
	0.39%
	0.81%
	0.99%
	0.60%
	0.51%
	0.46%
	0.32%
	0.17%

	
	2.8km
	1
	1
	127/128
	12.79%
	1.81%
	1.98%
	1.70%
	1.45%
	1.24%
	1.05%
	0.89%
	10.99%
	11.32%
	9.71%
	8.62%
	5.90%
	4.39%
	3.99%

	
	6km
	1
	1
	109/112
	12.84%
	0.81%
	0.97%
	0.77%
	0.63%
	0.56%
	0.45%
	0.37%
	0.43%
	0.50%
	0.43%
	0.39%
	0.19%
	0.19%
	0.06%

	
	8km
	1
	1
	113/116
	13.41%
	1.03%
	1.25%
	0.98%
	0.79%
	0.58%
	0.44%
	0.39%
	0.57%
	0.74%
	0.52%
	0.40%
	0.23%
	0.09%
	0.07%

	4
	750m
	1
	1
	101/104
	19.28%
	0.99%
	1.25%
	1.00%
	0.77%
	0.63%
	0.49%
	0.38%
	0.90%
	1.48%
	1.01%
	0.69%
	0.50%
	0.32%
	0.27%

	
	2.8km
	1
	1
	123/126
	17.47%
	4.96%
	5.43%
	4.74%
	4.10%
	3.50%
	3.13%
	2.65%
	9.95%
	11.34%
	9.27%
	6.26%
	5.26%
	4.70%
	4.25%

	
	6km
	1
	1
	106/109
	20.47%
	0.67%
	0.85%
	0.67%
	0.53%
	0.43%
	0.30%
	0.21%
	0.92%
	1.38%
	1.01%
	0.86%
	0.51%
	0.33%
	0.31%

	
	8km
	1
	1
	111/114
	18.38%
	0.85%
	1.02%
	0.81%
	0.68%
	0.59%
	0.52%
	0.43%
	0.61%
	0.83%
	0.68%
	0.65%
	0.49%
	0.26%
	0.25%



Based on the additional simulation results, it can be observed:
· For average throughput loss, 1 dB of additional ACLR is enough for all the groups with different UE on maximum output power target percentage.
· For 5%-tile throughput loss, around 1 dB of additional ACLR is needed for Group 0~3 (i.e. the percentage of UE on maximum output power ≤ 15%), while around 2 dB of additional ACLR is needed for Group 4 (i.e. the percentage of UE on maximum output power = 20%).
· In consideration of that it is hard to reach 20% UE on maximum output power in real network, so we also assume 1 dB of additional ACLR is enough.

Conclusion
In this contribution we presented simulation results showing adjacent channel coexistence performance for High Power UE operating in Band 41. Based on the simulation results, one observation is made.
Observation 1: Less than 1 dB of additional ACLR is needed for Band 41 UE supporting +26 dBm power class.
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Annex: detailed simulation results
Urban: ISD = 750m
10MHz
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Figure 1.1a. UE Tx power for PC set 1
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Figure 1.2a. Throughput loss for PC set 1
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Figure 1.1b. UE Tx power for PC set 1’
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Figure 1.2b. Throughput loss for PC set 1’
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Figure 1.1c. UE Tx power for PC set 2
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Figure 1.2c. Throughput loss for PC set 2
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Figure 1.1d. UE Tx power for PC set 2’
	[image: ]
Figure 1.2d. Throughput loss for PC set 2’


Figure 1. UE Tx Power CDF and UL throughput loss for [750m ISD, 10MHz].


20MHz
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Figure 2.1a. UE Tx power for PC set 1
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Figure 2.2a. Throughput loss for PC set 1
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Figure 2.1b. UE Tx power for PC set 1’
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Figure 2.2b. Throughput loss for PC set 1’
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Figure 2.1c. UE Tx power for PC set 2
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Figure 2.2c. Throughput loss for PC set 2
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Figure 2.1d. UE Tx power for PC set 2’
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Figure 2.2d. Throughput loss for PC set 2’


Figure 2. UE Tx Power CDF and UL throughput loss for [750m ISD, 20MHz].

Suburban: ISD = 2.8km
10MHz
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Figure 3.1a. UE Tx power for PC set 1
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Figure 3.2a. Throughput loss for PC set 1
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Figure 3.1b. UE Tx power for PC set 2
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Figure 3.2b. Throughput loss for PC set 2
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Figure 3.1c. UE Tx power for PC set 2’
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Figure 3.2c. Throughput loss for PC set 2’


Figure 3. UE Tx Power CDF and UL throughput loss for [2.8km ISD, 10MHz].

20MHz
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Figure 4.1a. UE Tx power for PC set 1
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Figure 4.2a. Throughput loss for PC set 1

	[image: ]
Figure 4.1b. UE Tx power for PC set 2
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Figure 4.2b. Throughput loss for PC set 2
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Figure 4.1c. UE Tx power for PC set 2’
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Figure 4.2c. Throughput loss for PC set 2’


Figure 4. UE Tx Power CDF and UL throughput loss for [2.8km ISD, 20MHz].

Rural: ISD = 6km
10MHz
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Figure 5.1a. UE Tx power for PC set 1
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Figure 5.2a. Throughput loss for PC set 1
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Figure 5.1b. UE Tx power for PC set 2
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Figure 5.2b. Throughput loss for PC set 2
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Figure 5.1c. UE Tx power for PC set 2’
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Figure 5.2c. Throughput loss for PC set 2’


Figure 5. UE Tx Power CDF and UL throughput loss for [6km ISD, 10MHz].

20MHz
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Figure 6.1a. UE Tx power for PC set 1
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Figure 6.2a. Throughput loss for PC set 1
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Figure 6.1b. UE Tx power for PC set 2
	[image: ]
Figure 6.2b. Throughput loss for PC set 2
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Figure 6.1c. UE Tx power for PC set 2’
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Figure 6.2c. Throughput loss for PC set 2’


Figure 6. UE Tx Power CDF and UL throughput loss for [6km ISD, 20MHz].

Rural: ISD = 8km
10MHz
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Figure 7.1a. UE Tx power for PC set 1
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Figure 7.2a. Throughput loss for PC set 1
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Figure 7.1b. UE Tx power for PC set 2
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Figure 7.2b. Throughput loss for PC set 2
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Figure 7.1c. UE Tx power for PC set 2’
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Figure 7.2c. Throughput loss for PC set 2’


Figure 7. UE Tx Power CDF and UL throughput loss for [8km ISD, 10MHz].

20MHz
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Figure 8.1a. UE Tx power for PC set 1
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Figure 8.2a. Throughput loss for PC set 1
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Figure 8.1b. UE Tx power for PC set 2
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Figure 8.2b. Throughput loss for PC set 2
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Figure 8.1c. UE Tx power for PC set 2’
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Figure 8.2c. Throughput loss for PC set 2’


Figure 8. UE Tx Power CDF and UL throughput loss for [8km ISD, 20MHz].
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