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1 Introduction
A study item to introduce a new power class for Band 41 UE of 26dBm was approved in [1]. A WF to perform the system simulations for coexistence study was firstly agreed in RAN4 #76bis meeting [2]. Then the power control parameters were updated in RAN4 #77 meeting [3]. In this contribution, we present simulation results for coexistence study on Band 41 HPUE.
2 Simulation results and discussion
The inter-site distances considered in this study are provided in Table 2.1 below. This paper presents the simulation results where the 26 dBm UE is used to enhance the UL coverage and/or capacity in the urban, suburban and rural areas. The channel bandwidth of 20 MHz is considered. 
Table 2.1: Inter-site distances (ISD)

	Environment
	ISD (km)
	Environment
	ISD (km)

	Urban
	0.75
	Rural
	6

	Suburban
	2.8
	Rural
	8


The power control parameters for +23 dBm UE with 2.6GHz carrier frequency are provided in Table 2.2 below.
Table 2.2: Power control parameters for +23 dBm UE

(a) Parameters for +23 dBm UE with 0.75 km ISD
	Parameter set
	Gamma
	CLx-ile
	Note

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1A
	1
	109
	112
	Parameters agreed in RAN4 #77 [3]

	Set 1B
	1
	109
	112
	Parameters agreed in RAN4 #76bis [2]

	Set 1’
	1
	117
	120
	

	Set 2
	0,8
	133
	137
	


(b) Parameters for +23 dBm UE with 2.8 km ISD 

	Parameter set
	Gamma
	CLx-ile
	Note

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1A
	1
	133
	136
	Parameters agreed in RAN4 #77 [3]

	Set 1B
	1
	133
	136
	Parameters agreed in RAN4 #76bis [2]

	Set 2
	0,8
	149
	153
	


(c) Parameters for +23 dBm UE with 6 km ISD
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	117
	120

	Set 2
	0,8
	132
	136


(d) Parameters for +23 dBm UE with 8 km ISD
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	122
	124

	Set 2
	0,8
	136
	140


The power control parameters for +26 dBm UE with 2.6GHz carrier frequency are provided in Table 2.3 below.
Table 2.3: Power control parameters for +26 dBm UE

(a) Parameters for +26 dBm UE with 0.75 km ISD
	Parameter set
	Gamma
	CLx-ile
	Note

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1A
	1
	112
	115
	Parameters agreed in RAN4 #77 [3]

	Set 1B
	1
	109
	112
	Parameters agreed in RAN4 #76bis [2]

	Set 1’
	1
	120
	123
	

	Set 2
	0,8
	137
	141
	


(b) Parameters for +26 dBm UE with 2.8 km ISD
	Parameter set
	Gamma
	Modified CLx-ile
	Note

	
	
	20 MHz bandwidth
	10 MHz bandwidth
	

	Set 1A
	1
	136
	139
	Parameters agreed in RAN4 #77 [3]

	Set 1B
	1
	133
	136
	Parameters agreed in RAN4 #76bis [2]

	Set 2
	0,8
	153
	157
	


(c) Parameters for +26 dBm UE with 6 km ISD 

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	120
	123

	Set 2
	0,8
	136
	140


(d) Parameters for +26 dBm UE with 8 km ISD
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	125
	127

	Set 2
	0,8
	140
	144


2.1 Simulation Results
2.1.1
Inter-site distance of 0.75 km
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Figure 2.1: UE transmit power CDF for set 1A with 0.75km ISD
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Figure 2.2: UE transmit power CDF for set 1B with 0.75km ISD
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Figure 2.3: UE transmit power CDF for set 1’ with 0.75km ISD
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Figure 2.4: UE transmit power CDF for set 2 with 0.75km ISD
Table 2.4: B41 UL degradation due to B41 23dBm and B41 26dBm, 0.75 km ISD
	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm

	
	Power control  set 1A
	Power control  set 1B
	Power control  set 1´
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	2.30%
	2.26%
	2.30%
	2.26%
	2.31%
	2.46%
	1.68%
	2.30%

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 26dBm

	
	Power control  set 1
	Power control  set 1B
	Power control  set 1´
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	2.37%
	2.42%
	3.71%
	4.40%
	2.31%
	2.46%
	1.68%
	2.30%

	1
	2.02%
	2.10%
	3.17%
	3.52%
	-
	-
	-
	-

	2
	-
	-
	2.715%
	2.89%
	-
	-
	-
	-

	3
	-
	-
	2.30%
	2.26%
	-
	-
	-
	-


Observation 1:
· When PC set 1A (PC set 1A was agreed in RAN4 #77 [3]) is adopted, only about 5% of UEs’ transmit power is above 23 dBm. In this case, less than 1dB ACLR improvement is enough to ensure the same degradation due to B41 26dBm UE. 
· When PC set 1B (PC set 1B was agreed in RAN4 #76bis [2]) is adopted, the ACLR should be increased by 3dB to ensure the same degradation.
2.1.2 Inter-site distance of 2.8 km
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Figure 2.5: UE transmit power CDF for set 1A with 2.8 km ISD
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Figure 2.6: UE transmit power CDF for set 1B with 2.8 km ISD
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Figure 2.7: UE transmit power CDF for set 2 with 2.8 km ISD
Table 2.5: B41 UL degradation due to B41 23dBm and B41 26dBm, 2.8 km ISD
	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm

	
	Power control  set 1A
	Power control  set 1B
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	0.23%
	0.44%
	0.23%
	0.44%
	1.26%
	1.93%

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 26dBm

	
	Power control  set 1
	Power control  set 1B
	Power control  set 1´

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	0.23%
	0.44%
	0.46%
	1.30%
	1.26%
	1.93%

	1
	-
	-
	0.37%
	0.87%
	-
	-

	2
	-
	-
	0.29%
	0.44%
	-
	-

	3
	-
	-
	0.23%
	0.44%
	-
	-


Observation 2:
· When PC set 1A (PC set 1A was agreed in RAN4 #77 [3]) is adopted, the transmit power CDF curves for 26dBm UE and 23dBm UE are completely overlapping. Therefore, the victim system performance degradation due to 26 dBm interfering UE is the same as that due to 23 dBm interfering UE, and thus the requirement of ACLR is not increased.
· When PC set 1B (PC set 1B was agreed in RAN4 #76bis [2]) is adopted, the ACLR should be increased by 3dB to ensure the same degradation.
2.1.3
Inter-site distance of 6 km
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Figure 2.8: UE transmit power CDF for set 1 with 6 km ISD
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Figure 2.9: UE transmit power CDF for set 2 with 6 km ISD
Table 2.6: B41 UL degradation due to B41 23dBm and B41 26dBm, 6 km ISD
	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm

	
	Power control  set 1
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.57%
	2.07%
	0.88%
	1.07%

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 26dBm

	
	Power control  set 1
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.57%
	2.07%
	0.88%
	1.07%


Observation 3:
In the scenario of ISD 6km, the transmit power CDF curves for 26dBm UE and 23dBm UE are identical. Therefore, the victim system performance degradation due to 26 dBm interfering UE is the same as that due to 23 dBm interfering UE. Thus the requirement of ACLR is not increased.
2.1.4
Inter-site distance of 8 km
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Figure 2.10: UE transmit power CDF for set 1 with 8 km ISD
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Figure 2.11: UE transmit power CDF for set 2 with 8 km ISD
Table 2.7: B41 UL degradation due to B41 23dBm and B41 26dBm, 8 km ISD
	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm

	
	Power control  set 1
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.90%
	2.77%
	0.98%
	1.40%

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 26dBm

	
	Power control  set 1
	Power control  set 2

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.90%
	2.77%
	0.98%
	1.40%


Observation 4:
In the scenario of ISD 8km, the transmit power CDF curves for 26dBm UE and 23dBm UE are also identical. Therefore, the requirement of ACLR is also not increased.
3 Summary
Based on the simulation assumptions agreed in RAN4 #77 [3], we can observe that there are less than 5% of UEs transmitting with above 23dBm in only one scenario, in which the ISD is 0.75km. However, in most scenarios, the transmit power of all UEs is smaller than 23dBm. That explains why the required ACLR increase is less than 1dB in only one scenario, and in most scenarios the requirement of ACLR is not increased. 
Therefore, using the current power control parameters in [3], only few UEs are transmitting above 23dBm. Thus the coverage enhancement by class 2 UE is very limited and it may be not cost-efficient for operators to deploy class 2 UE in these scenarios. 
According to the simulation and analysis in this contribution, our observation 5 and proposal are given as follows:

Observation 5: Using the power control parameters agreed in RAN4 #77 [3], only few UEs are transmitting above 23dBm (~5% in one scenario and ~0% in other scenarios). Thus the coverage enhancement by class 2 UE is very limited and it may be not cost-efficient for operators to deploy class 2 UE in these scenarios. 
Proposal: The power control parameters agreed in RAN4 #77 should be re-visited and the following two options can be considered.
· Option 1: Class 2 UE is transmitting 3 dB higher than class 3 UE for both cell center and cell edge regions, i.e., use the power control scheme firstly agreed in RAN4 #76bis [2].

· Option 2: Class 2 and class 3 UEs are configured with the same CLx-ile and gamma, and the CLx-ile values agreed in RAN4 #77 [3] need to be adjusted to ensure a certain percentage of UEs will really use the HPUE feature. 
· Interested companies are encouraged to provide the preferred CLx-ile values based on the deployment needs.
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