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Introduction
At the RAN1#90b meeting the following agreement was made regarding evaluations of directional Tx/Rx antenna pattern at the aerial UEs [1]:
	Agreement:
· The throughput performance of the following potential solutions for interference mitigation is further evaluated in RAN1#91
· Directional Tx/Rx antenna pattern at the Aerial UE, considering the following assumptions on main lobe steering capabilities
· Incapable of tracking the serving cell LOS direction
· Capable of tracking the serving cell LOS direction
· FFS: on feasibility of implementation of tracking the serving cell LOS direction



In this contribution, we provide our evaluation results on directional antenna at the aerial UEs based on the above agreement. Furthermore, the results with multiple receive antenna ports at the BS are provided.
Directional UE antenna
Introduction
	In our companion contribution [2] the performance evaluation results of LTE networks serving aerial vehicles are provided. From the evaluation results it is observed that serving of aerial vehicles results in degradation of the UL performance for terrestrial UEs due to high interference generated by aerial UEs to multiple cells’ UL transmissions. 
	There are several potential solutions to mitigate interference under discussion in RAN1. One of the discussed solution assumes directional antenna at the aerial UEs instead of omnidirectional [3]. Directional UE antennas may reduce UL interference generated by the aerial UEs by decreasing the UL signal power from an aerial UE in broad range of angles. Depending on the capability of tracking the LoS direction between the aerial UE and the serving cell, UE can align the antenna direction with the LOS direction and amplify power of the useful signal. It is expected that the performance of aerial UEs depends on capability and accuracy of LOS direction tracking. 	

[image: ]
Figure 1: Illustration for applying directional antenna.

Simulation assumptions
	The system performance of LTE networks serving aerial vehicles have been evaluated for different assumptions of antenna at the aerial UEs and different assumptions on LOS direction tracking capability. The following three scenarios are considered for simulations: 
1) LoS agnostic: The aerial UE is not aware of the serving cell LoS direction. Antenna boresight direction is random. Note that the cell association is based on the directional antenna pattern. For example the antenna direction can be aligned with direction of travel (DoT).
2) LoS gnostic with perfect beam steering/tracking: The aerial UE perfectly tracks the serving cell LoS direction, and steers antenna boresight towards the serving cell. 
3) LoS gnostic with beam steering/tracking error: The aerial UE tracks the serving cell LoS direction, but with errors due to practical constraints.  

	The directional antenna pattern at aerial UE is modelled using the 3D antenna model in Table 7.3-1 of [4] with 0 dB peak antenna gain. Different horizontal and vertical half-power bandwidths (HPBW) are assumed in the simulations. Detailed simulation assumptions are given in the Appendix. Note that the standard deviation of non-ideal LoS tracking error is 40 deg. for 65 deg. HPBW and 20 deg. for 35 deg. HPBW.
1.1 Evaluation results
	As agreed in [1], the throughput performance of directional antenna pattern at the aerial UE should be evaluated. The evaluation results of packet throughput with non-full-buffer traffic model are presented below for different loading conditions and different direction aerial UE antenna assumptions. 


Table 1. Throughput performance for low traffic loads for 65 deg. HPBW
	Performance of terrestrial UEs

	HPBW
	Case 1
	65
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	21.74 (0%)
	21.37 (-2%)
	20.49 (-6%)
	21.51 (-1%)
	19.21 (-12%)

	
	5% of CDF
	2.75 (0%)
	2.84 (3%)
	2.42 (-12%)
	2.79 (1%)
	1.74 (-37%)

	
	50% of CDF
	22.24 (0%)
	20.97 (-6%)
	20.48 (-8%)
	21.78 (-2%)
	18.92 (-15%)

	
	95% of CDF
	36.38 (0%)
	36.37 (0%)
	36.35 (0%)
	36.36 (0%)
	36.3 (0%)

	RU %
	18.31
	13.29
	21.26
	18.44
	18.99

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	30.88 (0%)
	25.06 (-19%)
	31.88 (3%)
	26.42 (-14%)

	
	5% of CDF
	0
	16.8 (0%)
	3.47 (-79%)
	16.6 (-1%)
	10.61 (-37%)

	
	50% of CDF
	0
	34.36 (0%)
	27.64 (-20%)
	36.19 (5%)
	27.56 (-20%)

	
	95% of CDF
	0
	36.41 (0%)
	36.39 (0%)
	36.42 (0%)
	36.39 (0%)

	RU %
	18.31
	13.29
	21.26
	18.44
	18.99

	High traffic load 0.45 packets/cell/sec



Table 2. Throughput performance for high traffic loads for 65 deg. HPBW
	Performance of terrestrial UEs

	HPBW
	Case 1
	[bookmark: _GoBack]65
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	17.25 (0%)
	16.28 (-6%)
	12.81 (-26%)
	16.48 (-4%)
	8.12 (-53%)

	
	5% of CDF
	1.32 (0%)
	1.11 (-16%)
	0.78 (-41%)
	1.32 (0%)
	0.4 (-70%)

	
	50% of CDF
	15.67 (0%)
	14.88 (-5%)
	10.41 (-34%)
	14.73 (-6%)
	5.85 (-63%)

	
	95% of CDF
	36.27 (0%)
	35.84 (-1%)
	31.69 (-13%)
	36.06 (-1%)
	23.73 (-35%)

	RU %
	44.46
	39.85
	58.63
	45.62
	67.31

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	22.59 (0%)
	14.43 (-36%)
	24.81 (10%)
	8.84 (-61%)

	
	5% of CDF
	0
	8.7 (0%)
	1.11 (-87%)
	8.18 (-6%)
	2.28 (-74%)

	
	50% of CDF
	0
	22.87 (0%)
	12.98 (-43%)
	26.38 (15%)
	6.97 (-70%)

	
	95% of CDF
	0
	36.24 (0%)
	32.25 (-11%)
	36.33 (0%)
	21.51 (-41%)

	RU %
	44.46
	39.85
	58.63
	45.62
	67.31

	High traffic load 1.05 packets/cell/sec





Table 3. Throughput performance for low traffic loads for 35 deg. HPBW
	Performance of terrestrial UEs

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	21.74 (0%)
	21.62 (-1%)
	21.69 (0%)
	22.1 (2%)
	19.21 (-12%)

	
	5% of CDF
	2.75 (0%)
	2.46 (-11%)
	2.72 (-1%)
	2.92 (6%)
	1.74 (-37%)

	
	50% of CDF
	22.24 (0%)
	22.01 (-1%)
	22.02 (-1%)
	22.6 (2%)
	18.92 (-15%)

	
	95% of CDF
	36.38 (0%)
	36.38 (0%)
	36.37 (0%)
	36.38 (0%)
	36.3 (0%)

	RU %
	18.31
	12.47
	19.24
	17.5
	18.99

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	29.96 (0%)
	28.42 (-5%)
	32.88 (10%)
	26.42 (-12%)

	
	5% of CDF
	0
	13.56 (0%)
	6.38 (-53%)
	17.51 (29%)
	10.61 (-22%)

	
	50% of CDF
	0
	33.26 (0%)
	33.16 (0%)
	36.24 (9%)
	27.56 (-17%)

	
	95% of CDF
	0
	36.41 (0%)
	36.42 (0%)
	36.42 (0%)
	36.39 (0%)

	RU %
	18.31
	12.47
	19.24
	17.5
	18.99

	High traffic load 0.45 packets/cell/sec



Table 4. Throughput performance for high traffic loads for 35 deg. HPBW
	Performance of terrestrial UEs

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	17.25 (0%)
	17.54 (2%)
	16.37 (-5%)
	17.98 (4%)
	8.12 (-53%)

	
	5% of CDF
	1.32 (0%)
	1.47 (11%)
	1.36 (3%)
	1.66 (26%)
	0.4 (-70%)

	
	50% of CDF
	15.67 (0%)
	16.62 (6%)
	14.63 (-7%)
	17.04 (9%)
	5.85 (-63%)

	
	95% of CDF
	36.27 (0%)
	36.24 (0%)
	35.97 (-1%)
	36.25 (0%)
	23.73 (-35%)

	RU %
	44.46
	35.64
	49.48
	41.45
	67.31

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	23.82 (0%)
	21.19 (-11%)
	27.73 (16%)
	8.84 (-63%)

	
	5% of CDF
	0
	7.94 (0%)
	2.91 (-63%)
	9.81 (24%)
	2.28 (-71%)

	
	50% of CDF
	0
	24.51 (0%)
	21.48 (-12%)
	30.04 (23%)
	6.97 (-72%)

	
	95% of CDF
	0
	36.33 (0%)
	36.29 (0%)
	36.38 (0%)
	21.51 (-41%)

	RU %
	44.46
	35.64
	49.48
	41.45
	67.31

	High traffic load 1.05 packets/cell/sec



The above results demonstrate that the degradation of terrestrial UEs UL performance is not observed with directional antenna at the aerial UE in almost all investigated cases. The performance of aerial UEs with almost all considered assumptions for directional antenna at the aerial UEs is comparable or even higher comparing to the case of omnidirectional UL transmission. In order to better understand the above evaluation results, distributions of aerial UE serving cell RSRP and post-processing IoT [image: ][image: ]are presented below.  

 Figure 2: Distributions of serving cell RSRP and post-processing IoT.
	From the above figures it can be observed that the RSRP values for the case of random (DoT) antenna direction are lower comparing to the case of omnidirectional antenna at the aerial UEs. However, the RSRP variations lie in the range which can be compensated by power control. Thus, an aerial UE with directional antenna pattern transmits UL signal with higher or equal power comparing to the case of omnidirectional transmission, but due to the fact that in the wide angular range interference is suppressed by the antenna pattern, the IoT values are lower for the case of directional antenna at the aerial UE. The RSRP curve for LoS tracking overlaps with RSRP CDF for omnidirectional case since the peak antenna gain of the assumed directional antenna is 0 dB.
	Observation 1: The increased UL interference from an aerial UE can be mitigated by using directional Tx antenna at the aerial UE. Employing the directional antenna doesn’t lead to degradation of the aerial UEs UL performance. 
	Proposal 1: Capture in the TR that employing the directional Tx antennas at the aerial UEs is a solution of increased UL interference issue for LTE networks serving aerial vehicles. 
Multiple receive antennas at the BS
	Another potential solution which can possibly solve the issue of increased interference from an aerial UE is multiple receive antenna ports at the BS. The interference from multiple interferers can be mitigated by using the MMSE-IRC receiver. The interference mitigation capabilities in that case depends on the number of receive antenna ports. 
BS antenna configuration considered for evaluations schematically represented at the below figure.

[image: ]
Figure 3. Schematic representation of BS antenna configuration considered for evaluations

	The evaluation results of LTE networks serving aerial vehicles with 8 receive ports at the BS are presented below for the cases of low and high traffic load.
Table 5. Throughput performance for multiple receive antennas at the BS
	Performance of terrestrial Ues

	Traffic load (λ)
	1.7
	3

	Aerial UE ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE average packet throughput, Mbps
	Average
	27.1 (0%)
	26.51 (-2%)
	21.6 (0%)
	19.08 (-12%)

	
	5% of CDF
	7.27 (0%)
	6.81 (-6%)
	4.41 (0%)
	3.06 (-31%)

	
	50% of CDF
	30.5 (0%)
	29.66 (-3%)
	22.48 (0%)
	19.2 (-15%)

	
	95% of CDF
	36.4 (0%)
	36.39 (0%)
	36.31 (0%)
	36.21 (0%)

	RU %
	19.86
	19.04
	49.68
	56.09

	Performance of aerial Ues

	Traffic load (λ)
	1.7
	3

	Aerial UE ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE average packet throughput, Mbps
	Average
	0
	32.93
	0
	23.95

	
	5% of CDF
	0
	20.22
	0
	10.45

	
	50% of CDF
	0
	36.14
	0
	24.53

	
	95% of CDF
	0
	36.41
	0
	35.85

	RU %
	19.86
	19.04
	49.68
	56.09



From the above evaluation results it can be observed that applying of multiple receive antennas at the BS with MMSE-IRC receiver can solve the increased UL interference issue for LTE networks serving aerial vehicles.
	Observation 2: Multiple receive antennas at the BS with MMSI-IRC receiver solves the increased UL interference issue for LTE networks serving aerial vehicles. 
	Proposal 2: Capture in the final TR that multiple receive antennas at the BS with MMSI-IRC receiver solves the increased UL interference issue for LTE networks serving aerial vehicles. 
Summary 
Our simulations show significant interference and throughput improvement when directional antennas are used at a drone UE. The following proposals and observations were made:
	Observation 1: The increased UL interference from an aerial UE can be mitigated by using directional Tx antenna at the aerial UE. Employing the directional antenna doesn’t lead to degradation of the aerial UEs UL performance. 
	Proposal 1: Capture in the TR that employing the directional Tx antennas at the aerial UEs is a solution of increased UL interference issue for LTE networks serving aerial vehicles. 
	Observation 2: Multiple receive antennas at the BS with MMSI-IRC receiver solves the increased UL interference issue for LTE networks serving aerial vehicles. 
	Proposal 2: Capture in the final TR that multiple receive antennas at the BS with MMSI-IRC receiver solves the increased UL interference issue for LTE networks serving aerial vehicles. 
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Appendix
	Parameter
	Value

	Scenario
	UMa AV

	Layout
	Single layer: Macro layer: Hex. Grid
2 Tiers

	Fast fading model for aerial vehicles
	Fast fading model defined in TR38.901 for outdoor UEs in UMa scenario with modified K-factor (15 dB)

	UE distribution
	Total number of UEs
•	15 UEs per sector
Number of aerial UEs
•	Case 1: 0 aerial UE per sector 
•	Case 5: 5 aerial UEs per sector
Uniform distribution of altitude for aerial UEs between 1.5 and 300 m

	UE antenna configuration
	1 Tx

	TRP association
	RSRP based
Handover margin = 0 dB

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	Power control
	Open-loop
P0 = -96; α = 0.9;





8/8
image1.png
00¢+

sod ?
or 1
500+





image2.emf
IoT, dB

0 5 10 15 20 25

C

D

F

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UL UE average post-processing IoT

Case 5, Omnidirectional

Case 1, Omnidirectional

Case 5, 65 HPBW, DoT

Case 5, 65 HPBW, LOS

Case 5, 35 HPBW, DoT

Case 5, 35 HPBW, LOS


image3.emf
RSRP of serving cell, dB

-120 -110 -100 -90 -80 -70 -60

C

D

F

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP of serving cell CDF

Omni

65 HPBW, DoT

35 HPBW, DoT

65 HPBW, LoS

35 HPBW, LoS


image4.png
x| x| x]x

x| x| x]x

x| x| x]x

x| x| x]x

x| x| x| x

x| x| x]x

x| x| x]x

x| x| x]x





