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1
Overview
This document presents simulation results for coexistence studies between High Power UEs (HPUEs) deployed in Band 14 and Band 13 eNBs. The study investigates the use of a Maximum Output Power (MOP) for the HPUE of +31dBm.
At RAN4#64 it was decided that simulation results should be produced by interested companies for two sets of power control parameters – Set A and Set B. These parameters are reproduced in Table 1 and can be applied to the power setting scheme defined in coexistence simulation assumptions in [1]. These simulations assumed that the MOP for the HPUE is +33dBm.
RAN4#64bis saw a discussion of a possible compromise for the MOP of the HPUE and the accompanying ACLR; a MOP of +31dBm was suggested. A MOP of +31dBm was deemed to be beneficial for two notable reasons, firstly to provide a compromise in ACLR requirements (some companies desire that for every dB increase in MOP a corresponding dB increase in accompanying ACLR is required), and secondly to provide a MOP that enables the retention of some commonality in the implementation aspects of both high power and +23dBm UEs.

Following presentation of simulation results and discussion it is observed that:

1. The use of a MOP of +31dBm means a reduced ACLR requirement compared with the use of a MOP of +33dBm.

2. Power control parameter set B (derived by proponents seeking an outcome that for every dB increase in MOP a corresponding dB increase in accompanying ACLR is required) does not stand up to scrutiny as it indicates that for both +33dBm and +31dBm MOPs, an ACLR improvement much greater than the increase in MOP is required. It is therefore recommended that power control parameter set B is not used for coexistence studies.
2
Simulation configuration
Table 1 presents the power control parameter sets A and B taken from [1]. Also from [1] the power control equation used for the uplink coexistence simulations is noted as:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio, CL is the coupling loss, CLx-ile is the x-percentile CL value, and 0<γ<=1 is the factional power control term.
In order to produce parameters for a +31dBm UE it was necessary to adopt parameters that aligned the transmit power with a power class 3 UE (+23dBm) at a given pathloss. Figure 1 shows the relative output powers against pathloss for parameter sets A and all three UE MOPs.

Table 1: Power control parameter sets A and B
	Parameter set
	Gamma
	CLx-ile (+23dBm UE)
	CLx-ile (+33dBm UE)
	CLx-ile (+31dBm UE)

	1A
	1
	111
	121
	119

	2A
	0.8
	126
	138.5
	136

	1B
	1
	111
	117
	115

	2B
	0.8
	126
	134.5
	132


Figure 1: Power control parameter set A
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The simulation results presented in section 3 show results for two cases with assumptions stated in sub clause 5.4.1 in [1]. The two coexistence scenarios are:

1) Baseline +23dBm UE coexistence scenario: This scenario presents a Band 14 uplink to Band 13 uplink coexistence study assuming both systems use +23dBm UEs. This scenario is the reference scenario showing the Band 13 system performance degradation.
2) HPUE (+33dBm) coexistence scenario: This scenario presents a Band 14 uplink to Band 13 uplink coexistence study assuming high power class UEs of +33dBm deployed in Band 14. These results were first presented in [2] and are provided for comparison throughout this document.
3) HPUE (+31dBm) coexistence scenario: This scenario presents a Band 14 uplink to Band 13 uplink coexistence study assuming high power class UEs of +31dBm deployed in Band 14. Band 13 system performance degradation results for this scenario are used to compare against the Baseline coexistence scenario in order to recommend a required value of ACLR.
3
Simulation results
Simulation results are presented in this section. Table 2 presents Band 13 uplink relative throughput loss due to Band 14 UEs’ (+23dBm, +33dBm and +31dBm) interference using power control set 1A/2A.
Table 2: Band 13 uplink relative percentage throughput degradation due to Band 14 UE (+23dBm, +33dBm and +31dBm) interference with power control set 1A/2A
	
	Baseline +23dBm UE coexistence scenario
	HPUE (+33dBm) coexistence scenario

	ACLR offset X (dB)
	Power control set 1A
	Power control set 2A
	Power control set 1A
	Power control set 2A

	
	Average
	5th %ile
	Average
	5th %ile
	Average
	5th %ile
	Average
	5th %ile

	-15
	11.81
	20.62
	9.27
	17.05
	17.15
	41.94
	11.51
	25.10

	-10
	5.57
	7.00
	4.17
	6.14
	8.69
	15.26
	5.38
	8.62

	-5
	2.43
	2.34
	1.75
	1.87
	4.15
	5.15
	2.35
	2.87

	0
	1.06
	0.57
	0.73
	0.54
	2.00
	1.67
	1.04
	0.91

	+5
	0.53
	0.23
	0.35
	0.20
	1.06
	0.72
	0.51
	0.38

	+10
	0.32
	0.11
	0.21
	0.10
	0.67
	0.27
	0.31
	0.19

	+15
	0.25
	0.09
	0.16
	0.08
	0.52
	0.21
	0.24
	0.14


	
	HPUE (+31dBm) coexistence scenario

	ACLR offset X (dB)
	Power control set 1A
	Power control set 2A

	
	Average
	5th %ile
	Average
	5th %ile

	-15
	16.8
	42.0
	11.51
	24.9

	-10
	8.5
	14.7
	5.37
	8.90

	-5
	4.1
	4.9
	2.33
	2.80

	0
	1.94
	1.68
	1.04
	0.93

	+5
	1.00
	0.60
	0.50
	0.33

	+10
	0.65
	0.29
	0.31
	0.19

	+15
	0.52
	0.19
	0.25
	0.13


4
Discussion
Table 4 presents the required ACLR improvement for parameter set A (for the average and 5th percentile cases) in order to maintain the throughput loss seen for the baseline coexistence scenario. The results are determined from Table 2 for both +33dBm and +31dBm HPUEs.
Table 4: Average and 5th percentile ACLR improvement requirements derived from power control parameter set A
	Parameter set
	ACLR improvement requirement (+33dBm)
	ACLR improvement requirement (+31dBm)

	1A
	5.0dB* [6.7dB]**
	4.6dB [5.4dB]

	2A
	2.9dB [3.5dB]
	2.9dB [3.3dB]


NOTE: * is the average case; ** is the 5th percentile case.
The results presented in Table 4 and in the appendix allow the following observations to be made:

1. For the average case a MOP of +31dBm requires a 4.6dB ACLR improvement over a UE with a MOP of +23dBm.

2. Parameter set B simulation results (Appendix A) determine that an ACLR improvement much greater than the increase in MOP is required for the HPUE. Proponents of parameter set B sought to support the assertion that for every dB increase in MOP a corresponding dB increase in the accompanying ACLR is required; however this result (together with results for a MOP of +33dBm in [2]) does not support this position.
5
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5
Appendix – Simulation results for parameter set B
Simulation results for parameter set B are presented in this section. Table A1 presents Band 13 uplink relative throughput loss due to Band 14 UEs’ (+23dBm, +33dBm and +31dBm) interference using power control set 1B/2B.

Table A1: Band 13 uplink relative percentage throughput degradation due to Band14 UE (+23dBm, +33dBm and +31dBm) interference with power control set 1B/2B
	
	Baseline +23dBm UE coexistence scenario
	HPUE (+33dBm) coexistence scenario

	ACLR offset X (dB)
	Power control set 1B
	Power control set 2B
	Power control set 1B
	Power control set 2B

	
	Average
	5th %ile
	Average
	5th %ile
	Average
	5th %ile
	Average
	5th %ile

	-15
	11.81
	20.62
	9.27
	17.05
	26.44
	60.50
	17.84
	40.73

	-10
	5.57
	7.00
	4.17
	6.14
	14.66
	34.24
	8.93
	17.65

	-5
	2.43
	2.34
	1.75
	1.87
	7.47
	11.55
	4.20
	6.20

	0
	1.06
	0.57
	0.73
	0.54
	3.80
	4.19
	1.96
	2.24

	+5
	0.53
	0.23
	0.35
	0.20
	2.07
	1.50
	0.99
	0.86

	+10
	0.32
	0.15
	0.21
	0.10
	1.38
	0.70
	0.62
	0.46

	+15
	0.25
	0.09
	0.16
	0.08
	1.13
	0.51
	0.51
	0.35


	
	HPUE (+31dBm) coexistence scenario

	ACLR offset X (dB)
	Power control set 1B
	Power control set 2B

	
	Average
	5th %ile
	Average
	5th %ile

	-15
	25.90
	59.25
	17.75
	40.01

	-10
	14.12
	31.32
	8.95
	17.54

	-5
	7.18
	9.97
	4.19
	6.01

	0
	3.56
	3.66
	1.91
	2.06

	+5
	1.93
	1.38
	0.99
	0.79

	+10
	1.30
	0.57
	0.62
	0.42

	+15
	1.02
	0.40
	0.49
	0.26


Table A2 presents the required ACLR improvement for parameter sets A and B in order to maintain the throughput loss seen for the baseline coexistence scenario. The results are determined from Tables A1 for both +33dBm and +31dBm HPUEs.

Table A2: Average and 5th percentile ACLR improvement requirements derived from power control parameter set B
	Parameter set
	ACLR improvement requirement (+33dBm)
	ACLR improvement requirement (+31dBm)

	1B
	>15dB* [13.4dB]**
	14.4dB [10.9dB]

	2B
	8.5dB [9.0dB]
	8.5dB [8.4dB]


NOTE: * is the average case; ** is the 5th percentile case.
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