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Introduction
According to [1], one of the objectives of the study on Enhanced Support for Aerial Vehicles is as follows.
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
In RAN1#90, the following high level agreement was made regarding potential solutions to be evaluated for interference mitigation [2]:
Agreement:
Following potential solutions for interference mitigation are further evaluated in RAN1#91
· …
· For Uplink,
· Power control-based mechanisms
· Transmission beamforming (optional for evaluations)
· Note 1:  proponents are encouraged to provide results for transmission beamforming when the number of UE Tx antennas is larger than 2.
· Note 2:  proponents are encouraged to provide details of channel models.
· Network coordination
· CoMP
· Note: companies should provide their assumptions on the coordination set size.
· ICIC
· Note: companies should provide their assumptions on the coordination set size.
· Resource reservation
· Other solutions are not precluded
· Implementation based solutions are not precluded in the evaluation

In this contribution, we study uplink power control based interference mitigation.  In the paper, we present system level simulation results and show that using an implementation based open loop power control solution, the terrestrial UE performance can be improved at the expense of reduced aerial UE performance.


UL power control for PUSCH in LTE
In LTE, the UE transmit power for PUSCH (when PUCCH is not simultaneously transmitted) in subframe i on serving cell c is given by the following formula [4]:


where
· 
 is the configured UE transmit power
· 
 represents the bandwidth of the PUSCH resource assignment given in terms of the number of resources blocks
· 



 is given by the sum of a cell specific component  and a UE specific component  for serving cell c.  We’ll henceforth refer to  simply as P0.
· 
 is a fractional power control parameter for serving cell c
· 
 represents the downlink pathloss estimate calculated in the UE for serving cell c in dB
· 


 is the current PUSCH power control adjustment state for serving cell c, where  is the TPC command signaled to the UE at subframe .

Implementation based open loop power control for UL interference mitigation



In this section, we present results for an implementation based open loop power control solution for UL interference mitigation.  In this solution, the aerial UEs are configured with a different P0 value (denoted as ) from the P0 value configured to the terrestrial UEs.  The P0 value configured to the terrestrial UE is denoted as .  Note that UEs can be configured with different P0 values via the UE specific component .
Performance Comparison 1




We first compare the performance of this open loop power control solution to the Case 5 baseline where all UEs are configured with a P0 value of -85 dBm (that is, == -85 dBm).  The following  and  combinations are considered in this comparison:
· 

Combination 1:  == -85 dBm, Case 5
· 

Combination 2:  = -85 dBm, = -86 dBm, Case 5
· 

Combination 3:  = -85 dBm, = -87 dBm, Case 5
· 

Combination 4:  =-85 dBm, = -88 dBm, Case 5
· 

Combination 5:  =-85 dBm, = -89 dBm, Case 5
· 

Combination 6:  =-85 dBm, = -90 dBm, Case 5


The uplink terrestrial UE throughput results for UMa-AV scenario are given in Table 1 and Table 2 for baseline RUs of 20% and 50%, respectively.  The terrestrial UE uplink throughput gains are summarized in Figure 1.  Note that the combination number is shown in the horizontal axis.  From Figure 1, it is evident that the terrestrial UE throughput performance can be improved when compared to case 5 by configuring the aerial UEs with a lower P0 value.  When  is gradually reduced from -85dBm to -88dBm, notable terrestrial UE throughput gains can be observed.  However, reducing  even further does not yield notable terrestrial UE throughput gains.

Observation 1: When compared to case 5 baseline, terrestrial UE throughput performance can be improved by configuring the aerial UEs with a lower P0 value.
· 
When  is reduced from -85dBm to -88dBm, a 5-percentile throughput gain of 30% and a mean-throughput gain of 13% are observed for terrestrial UEs over case 5 baseline at 50% RU.
· 
Reducing  below -88dBm does not yield notable terrestrial UE throughput gains.
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[bookmark: _Ref494283816]Figure 1: Uplink terrestrial UE throughput results with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline.



The uplink aerial UE throughput results for UMa-AV scenario are given in Table 3 and Table 4 for baseline RUs of 20% and 50%, respectively.  The aerial UE uplink throughput gains are summarized in Figure 2.  Note that the combination number is shown in the horizontal axis.  From Figure 2, it is evident that the aerial UE throughput performance degrades when compared to case 5 by configuring the aerial UEs with a lower P0 value.  When  is gradually reduced from -85dBm to -88dBm, moderate aerial UE throughput losses can be observed.  However, reducing  even further results in higher aerial UE throughput losses.

Observation 2: When compared to case 5 baseline, aerial UE throughput performance is degraded by configuring the aerial UEs with a lower P0 value.
· 
When  is reduced from -85dBm to -88dBm, a moderate 5-percentile throughput loss of 16% and a moderate mean-throughput gain of 12% are observed for aerial UEs over case 5 baseline at 50% RU.
· 
Reducing  below -88dBm results in higher UE throughput losses for aerial UEs.
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[bookmark: _Ref494289973]Figure 2: Uplink aerial UE throughput results with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline.

Performance Comparison 2




We next compare the performance of the implementation based open loop power control solution to the Case 1 baseline where all UEs are configured with a P0 value of -85 dBm (that is, == -85 dBm).  The following  and  combinations are considered in this comparison:
· 

Combination 1:  == -85 dBm, Case 1
· 

Combination 2:  == -85 dBm, Case 5
· 

Combination 3:  = -85 dBm, = -86 dBm, Case 5
· 

Combination 4:  = -85 dBm, = -87 dBm, Case 5
· 

Combination 5:  =-85 dBm, = -88 dBm, Case 5
· 

Combination 6:  =-85 dBm, = -89 dBm, Case 5
· 

Combination 7:  =-85 dBm, = -90 dBm, Case 5


The uplink terrestrial UE throughput results for UMa-AV scenario are given in Table 5 and Table 6 for baseline RUs of 20% and 50%, respectively.  The terrestrial UE uplink throughput gains are summarized in Figure 3.  Note that the combination number is shown in the horizontal axis.  From Figure 3, it is evident that terrestrial UE throughput losses with respect to case 1 can be reduced by configuring the aerial UEs with a lower P0 value.  When  is gradually reduced from -85dBm to -88dBm, notable terrestrial UE throughput improvements can be observed.  However, reducing  even further does not yield notable terrestrial UE throughput improvements.

Observation 3: When compared to case 1 baseline, terrestrial UE throughput losses can be reduced by configuring the aerial UEs with a lower P0 value.
· 
At 50% RU, when  is reduced from -85dBm to -88dBm in case 5, the 5-percentile terrestrial UE throughput loss is reduced from 42% to 22% and the mean terrestrial UE throughput loss is reduced from 22% to 10%.
· 
Reducing  below -88dBm does not further reduce terrestrial UE throughput losses.
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[bookmark: _Ref494294384]Figure 3: Uplink terrestrial UE throughput results with different P0 values for aerial and terrestrial UEs with Case 1 as the baseline.
From the above results, we can draw the following conclusion:
[bookmark: _Hlk494295816]Conclusion: Using an implementation based open loop power control solution where different P0 values are configured for aerial and terrestrial UEs, the terrestrial UE performance can be improved at the expense of reduced aerial UE performance.


Conclusion
In this contribution, we study uplink power control based interference mitigation.  We make the following observations and conclusion.
[bookmark: _In-sequence_SDU_delivery]Observation 1: When compared to case 5 baseline, terrestrial UE throughput performance can be improved by configuring the aerial UEs with a lower P0 value.
· 
When  is reduced from -85dBm to -88dBm, a 5-percentile throughput gain of 30% and a mean-throughput gain of 13% are observed for terrestrial UEs over case 5 baseline at 50% RU.
· 
Reducing  below -88dBm does not yield notable terrestrial UE throughput gains.

Observation 2: When compared to case 5 baseline, aerial UE throughput performance is degraded by configuring the aerial UEs with a lower P0 value.
· 
When  is reduced from -85dBm to -88dBm, a moderate 5-percentile throughput loss of 16% and a moderate mean-throughput gain of 12% are observed for aerial UEs over case 5 baseline at 50% RU.
· 
Reducing  below -88dBm results in higher UE throughput losses for aerial UEs.

Observation 3: When compared to case 1 baseline, terrestrial UE throughput losses can be reduced by configuring the aerial UEs with a lower P0 value.
· 
At 50% RU, when  is reduced from -85dBm to -88dBm in case 5, the 5-percentile terrestrial UE throughput loss is reduced from 42% to 22% and the mean terrestrial UE throughput loss is reduced from 22% to 10%.
· 
Reducing  below -88dBm does not further reduce terrestrial UE throughput losses.

Conclusion: Using an implementation based open loop power control solution where different P0 values are configured for aerial and terrestrial UEs, the terrestrial UE performance can be improved at the expense of reduced aerial UE performance.




Appendix A: Detailed evaluation results
In this appendix, we present the detailed throughput results based on the evaluation assumptions given in Appendix B.

[bookmark: _Ref494283664]Table 1: Uplink terrestrial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline at 20% baseline RU
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[bookmark: _Ref494283681]Table 2: Uplink terrestrial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline at 50% baseline RU
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[bookmark: _Ref494288896]Table 3: Uplink aerial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline at 20% baseline RU
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[bookmark: _Ref494288910]Table 4: Uplink aerial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 5 as the baseline at 50% baseline RU
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[bookmark: _Ref494292180]Table 5: Uplink terrestrial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 1 as the baseline at 20% baseline RU
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[bookmark: _Ref494292188]

Table 6: Uplink terrestrial UE throughput results for implementation based UL power control scheme with different P0 values for aerial and terrestrial UEs with Case 1 as the baseline at 50% baseline RU
[image: ]

Appendix B: Evaluation Assumption
The below table summarizes some of the evaluation assumptions.  The remaining evaluation assumptions are according to [3].
	Parameter
	Value

	Cell Layout
	19 macro sites, 3 sectors per site

	BS Antenna Configuration
	2Tx/2Rx cross polarized

	BS Antenna pattern
	(M,N,P) = (8,1,2) according to TR 36.873 with 100 degree downtilt angle for UMa-AV

	Wrapping Method
	Geographic Distance based

	Handover Margin
	0 dB

	UL Power control
	Open loop power control with P0 =-85 dBm and alpha=0.8 for baseline results.  For schemes involving enhancements, other values of P0  are utilized as indicated in different cases simulated.

	Number of terrestrial or aerial UT antennas
	1 Tx, 2-RX (cross polarized)

	Fast Fading Model
	Option 1 (CDL based)

	Uplink-receiver type
	MMSE-IRC

	Height of the Aerial UEs
	Uniformly distributed between 1.5m and 300m
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