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1 Introduction

In TR 36.777 [1], on uplink power control schemes for aerials, the following is described:

· Power control-based mechanisms

· Aerial UE specific pathloss compensation factor 
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: Configure aerial UE with a different open loop uplink power control pathloss compensation factor 
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. This scheme needs standard enhancement to specify UE specific pathloss compensation factor 
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· Option 1: applying different fractional path loss compensation factors 
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 for aerial UEs and terrestrial UEs, respectively, and result in significant UE packet throughput gain for terrestrial UEs at the cost of significant UE packet throughput loss for aerial UEs.
· Option 2:  applying height dependent fractional pathloss compensation factors for aerial UEs, and result in significant UE packet throughput gain for both terrestrial and aerial UEs.
· Aerial UE specific P0: Configure aerial UE with a different open loop uplink power control P0 value, and it is shown that configuring a lower 
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 for aerial UEs improves terrestrial uplink UE throughput performance at the cost of aerial uplink UE throughput. Moreover, joint UE specific fractional pathloss compensation factor 
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 and UE specific 
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 can also be considered.
· Closed loop power control: Target received powers for aerial UEs are adjusted taking into account both serving and neighbor cell measurement reports. This solution may require specification enhancements for increased step size of [image: image9.wmf]c
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In this contribution, we study power control mechanisms using height-dependent UE specific α and 
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to alleviate the uplink interference to terrestrial UEs resulting from aerial vehicles.
2 Challenges in the coexistence of aerial and terrestrial UEs
Considering aerial UE speed is up to 160 km/h (i.e. 44.4 m/s), the aerial UE experiences fast signal changes in the sky, especially since aerial UEs tend to be served by the sidelobes of base station antennas [1], and in consequence, an aerial UE injects rapidly-varying interfering signals into quickly-changing neighbor cells.
Recall that the time for a UE to measure RSRP is usually several hundred milliseconds at physical layer and L3-filtering, feedbacks to eNB, and then eNB adjusts α and 
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 based on the measurements via RRC reconfiguration, and then UE receives the new α and
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, and finally implements uplink power control, so the aerial UE’s position can be changed by tens of meters and by then have different interference to neighbor cells [2]. 
Observation 1: The adjustment of α and 
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 based on the UE measurement reports via RRC is outdated for the aerial UE due to the channel characteristics and high mobility.
Currently, eNB is not able to directly measure the vertical height of a UE, and if UE-specific 
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are determined by the reporting of aerial UE height information from certain sensors in the aerial vehicles, the feedback and execution time for power control is even longer.
Observation 2: The power control command is outdated if it is determined by eNB based on the reporting of UE height without the UE knowing the mapping from UE height to αUE and P0.
3 Power control-based mechanisms 
Different parameter settings of uplink power control, such as 
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 and α, can be configured for aerial UEs at different altitudes so that the network can set the power control to cope with the different characteristics of interference coming from higher altitudes. The mapping from UE height to uplink power-control parameters can be indicated to the UE via RRC, which allows the aerial UE to use the appropriate configuration of
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from the available choices decided by eNB. This scheme does not introduce special requirements on downlink neighbour cell measurements or UE height information feedback.
The association between PC parameters and altitude is cell-specific, and would be updated based on practical scenarios and network configurations known by the operator, such as eNB antenna height, antenna tilt angle, and anticipated density of aerial UEs. 
In order to find suitable height threshold(s) and corresponding configuration(s) of 
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for aerial UEs, four configuration sets in Table 2 are studied, and 
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for terrestrial UEs. 
For each configuration set, the performance of three uplink power control schemes is compared, that is, baseline, slow PC, and fast PC. The baseline is the legacy LTE PC scheme where both the terrestrial and aerial UEs share the same configuration. For simulation purposes, we model “slow PC” by using a configuration from Table 1 chosen with equal probability from the one corresponding to UE’s actual height, and the (up to) two immediately adjacent height ranges.  This models the UE’s height changing during the feedback of height information and RRC re-configuration delay. We model “fast PC” by using the exactly corresponding configuration based on UE’s height.
Table 1 Evaluated sets of UL Power Control parameters for aerial UEs
	Configuration set
	Height threshold [m]
	P0 [dBm]
	α

	Baseline
	0-300
	-80
	0.8

	T2
	0-30
	-80 
	0.8

	
	30-300
	-82
	0.7

	T3
	0-30
	-80
	0.8

	
	30-100
	-82
	0.7

	
	100-300
	-84
	0.6

	T4
	0-30
	-80
	0.8

	
	30-100
	-82
	0.7

	
	100-200
	-84
	0.6

	
	200-300
	-86
	0.5


Figure 1 to Figure 6 in Appendix B show performance of IoT and throughput with the comparison of three power control schemes with different configuration sets.
The “baseline” PC scheme is where terrestrial and aerial UEs share the same configuration of P0 and α. The “slow PC” and “fast PC” are schemes with height-dependent configuration of P0 and α, based on Table 1. In the “slow PC” scheme, eNB changes P0 and α via RRC re-configuration after the report of aerial UE, and only eNB knows the mapping table. In the “fast PC” scheme, eNB signals the mapping table once via RRC to the aerial UEs, and aerial UE uses the corresponding configuration of P0 and α based on the mapping table without needing to report to eNB.

It can be seen that both the “fast PC” and “slow PC” reduce the IoT for both terrestrial and aerial UEs. The performance of “fast PC” outperforms that of “slow PC” in all configuration sets. The performance gains are summarized in Table 2 and Table 3. 
Terrestrial UE throughput benefits in both “slow PC” and “fast PC” under different configuration sets, and it benefits considerably more under “fast PC” when the adaptation is quicker and more precise. When there is a single threshold (T2), the power control scheme has protected the terrestrial UEs, but at some tradeoff for the aerial UEs. The reason is that most aerial UEs reduce their transmit power, by virtue of being above the 30 m height threshold, and the impact of decreasing of useful signal power is more than that of decreasing the inter-cell uplink interference. Nevertheless, if the main goal is the protection of terrestrial UEs, this may be acceptable.
Both the “slow PC” and “fast PC” result in significant performance gain for terrestrial and aerial UEs with the configuration of two or three thresholds (T3 and T4), but “fast PC” is better than “slow PC” from the view of all of the performance statistics. The tradeoff between signaling and gain suggests that having two threholds (T3) is a good balance.
Table 2 Uplink terrestrial UE throughput

	
	Baseline
	Slow PC

(T2)
	Fast PC

(T2)
	Slow PC

(T3)
	Fast PC

(T3)
	Slow PC

(T4)
	Fast PC

(T4)

	RU [%]
	61
	60
	60
	54
	46
	49
	40

	5% user throughput [Mbps]
	1.15
	1.34
	1.34
	1.31
	2.27
	1.63
	2.18

	5% user throughput gain [%]
	0.00
	16.52
	16.52
	13.91
	97.39
	41.47
	89.57

	50% user throughput [Mbps]
	5.64
	6.46
	6.88
	7.92
	10.55
	8.35
	9.09

	50% user throughput gain [%]
	0.00
	14.54
	21.99
	40.43
	87.06
	48.05
	61.17

	Mean throughput [Mbps]
	6.37
	7.15
	8.12
	9.29
	11.61
	9.82
	11.15

	Mean throughput gain [%]
	0.00
	12.24
	27.47
	45.84
	82.26
	54.16
	75.04

	95% user throughput [Mbps]
	14.55
	19.05
	20.62
	22.53
	26.32
	28.37
	29.2

	95% user throughput gain [%]
	0.00
	30.93
	41.72
	54.85
	80.89
	94.98
	100.69


Table 3 Uplink aerial UE throughput

	
	Baseline
	Slow PC

(T2)
	Fast PC

(T2)
	Slow PC

(T3)
	Fast PC

(T3)
	Slow PC

(T4)
	Fast PC

(T4)

	RU [%]
	61
	60
	60
	54
	46
	49
	40

	5% user throughput [Mbps]
	1.93
	1.57
	1.82
	2.59
	2.8
	3.67
	2.86

	5% user throughput gain [%]
	0.00
	-18.65
	-5.7
	34.20
	45.08
	90.16
	48.19

	50% user throughput [Mbps]
	5.62
	4.37
	4.12
	6.08
	8.5
	7.0
	9.30

	50% user throughput gain [%]
	0.00
	-22.24
	-26.69
	8.19
	51.25
	24.56
	65.48

	Mean throughput [Mbps]
	6.52
	5.05
	4.99
	6.71
	11.79
	7.16
	10.73

	Mean throughput gain [%]
	0.00
	-22.55
	-23.47
	2.91
	80.83
	9.82
	64.57

	95% user throughput [Mbps]
	16.13
	12.46
	12.42
	13.42
	30.3
	10.67
	24.54

	95% user throughput gain [%]
	0.00
	-22.75
	-23
	-16.8
	87.85
	-33.85
	52.14


Height thresholds of 30 m and 100 m are likely to be common choices due to the modeling of eNB height as 25 m, and the channel model threshold of 100 m altitude in the UMa channel model. It is suggested to allow two other height values also, either as future extension entries or at greater altitude.
Proposal 1: eNB can configure sets of power control parameters P0 and α in a cell for aerial UEs, which UE switches between according to an altitude threshold.

· There are no changes to the value ranges for P0 and α.
· Considering the typical eNB assumed height and aerial UE altitude, the height thresholds are {30, 100, 150, 200} m, or {30, 100, spare1, spare2} m.
· Up to three sets of height, P0, α can provide benefits in IoT and throughput.

4 Conclusion
In this contribution, we discussed uplink power control on the aerial UE specific height dependent 
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to alleviate the uplink interference to terrestrial UEs. We make the following observation and proposal:
Observation 1: The adjustment of α and 
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 based on the UE measurement reports via RRC is outdated for the aerial UE due to the channel characteristics and high mobility.
Observation 2: The power control command is outdated if it is determined by eNB based on the reporting of UE height without the UE knowing the mapping from UE height to αUE and P0. 
Proposal 1: eNB can configure sets of power control parameters P0 and α in a cell for aerial UEs, which UE switches between according to an altitude threshold.

· There are no changes to the value ranges for P0 and α.

· Considering the typical eNB assumed height and aerial UE altitude, the height thresholds are {30, 100, 150, 200} m, or {30, 100, spare1, spare2} m.
· Up to three sets of height, P0, α can provide benefits in IoT and throughput.
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Appendix A:  Simulation assumptions
	Parameter
	Value

	Scenario
	UMa-AV

	Cell layout
	Hexagonal grid, 19 macro sites

3 sectors per cell site: 30, 150 and 270 degrees

	BS antenna down tilt
	ϑ =100 

	Aerial UT ratio cases
	Case 5: 5 aerial UTs and 10 terrestrial UTs per sector

	Handover margin
	0 dB

	Fast fading models for aerial UEs
	Alternative 2

	System bandwidth
	10 MHz

	Traffic 
	FTP3, File Size 0.5MB, lambda=0.1

	Power control for terrestrial UEs
	Open-loop, 
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= -80, α = 0.8

	Power control for aerial UEs
	The configuration of 
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can be referred to Table 1, and three power control schemes are proposed.

	Aerial UE height distribution
	Uniformly distributed from 1.5m to 300m

	Cell association
	Based on RSRP from CRS port 0

	Wrapping method
	Geographical distance based wrapping


Appendix B:  Simulations of IoT and uplink throughput 
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Figure 1 Performance of IoT with configuration of T2
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Figure 2 Performance of uplink throughput with configuration of T2
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Figure 3 Performance of IoT with configuration of T3
[image: image31.png]CDF

09

08

07

06

05

04

03

02

01

Uplink throughput : T3 UMa Case5

Terrestrial UE(slow PC) ||
Terrestrial UE(fast PC)
Terrestrial UE(baseling)
Aerial UE(slow PC)
Aerial UE(fast PC)
Aerial UE(baseling)

10 15 20 25
Uplink throughput (Mbps)




Figure 4 Performance of uplink throughput with configuration of T3
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Figure 5 Performance of IoT with configuration of T4
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Figure 6 Performance of uplink throughput with configuration of T4
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