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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 FD-MIMO antenna configuration 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 aerial UEs have poor DL performance due to high interference from multiple cells. 
	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 DL interference experienced by the aerial UEs by decreasing the interference power coming from broad range of angles. Depending on the capability of tracking the LoS direction between an 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. 	
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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. It is worth noting 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 degree for 65 degree HPBW, and 20 degree for 35 degree HPBW.
Evaluation results
	The wideband SINR distributions of aerial UEs based on different assumptions on UE antenna and LoS tracking capability are presented below.
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Figure 2. Distributions of wideband SINR

	From the above wideband SINR distributions, it can be observed that directional aerial UE antenna can substantially mitigate interference from neighbour cells. With narrower beam width, undesired interference signal can be suppressed further. 
	As aerial UE typically experiences good quality LoS channel, beam-steering towards DoT with association based on RSRP including UE antenna gain can maintain reasonably high signal link strength and boost overall SINR. 
	The SINR performance can be further improved with aerial UE antennal beam steered towards desired LoS direction. 
	As agreed in [1], the throughput performance of directional antenna pattern at the aerial UE should be further 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
	28.7 (0%)
	27.9 (-3%)
	24.4 (-15%)
	28.63 (0%)
	22.06 (-23%)

	
	5% of CDF
	6.16 (0%)
	6.15 (0%)
	4.44 (-28%)
	6.7 (9%)
	3.47 (-44%)

	
	50% of CDF
	26.48 (0%)
	25.03 (-5%)
	20.82 (-21%)
	25.98 (-2%)
	17.54 (-34%)

	
	95% of CDF
	55.73 (0%)
	55.63 (0%)
	55.33 (-1%)
	55.78 (0%)
	55.26 (-1%)

	RU %
	17.36
	19.23
	29.3
	18.11
	36.89

	Performance of aerial UEs

	HPBW
	Case 1
	65
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	22.54 (0%)
	18.81 (-17%)
	33.37 (48%)
	6.82 (-70%)

	
	5% of CDF
	0
	6.28 (0%)
	0.89 (-86%)
	8.34 (33%)
	0.94 (-85%)

	
	50% of CDF
	0
	19.99 (0%)
	14.74 (-26%)
	33.8 (69%)
	4 (-80%)

	
	95% of CDF
	0
	48.59 (0%)
	52.48 (8%)
	55.73 (15%)
	22.77 (-53%)

	RU %
	17.36
	19.23
	29.3
	18.11
	36.89

	Low traffic load 0.9 packets/cell/sec



Table 2. Throughput performance for high 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
	19.89 (0%)
	14.77 (-26%)
	18.12 (-9%)
	19.49 (-2%)
	10.18 (-49%)

	
	5% of CDF
	3.17 (0%)
	1.69 (-47%)
	2.82 (-11%)
	3.1 (-2%)
	0.93 (-71%)

	
	50% of CDF
	15.61 (0%)
	9.72 (-38%)
	13.68 (-12%)
	14.69 (-6%)
	5.48 (-65%)

	
	95% of CDF
	49.26 (0%)
	44.08 (-11%)
	46.79 (-5%)
	50.59 (3%)
	37.32 (-24%)

	RU %
	43.96
	61.06
	48.94
	47.3
	81.89

	Performance of aerial UEs

	HPBW
	Case 1
	65
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS w/ error
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	6.57 (0%)
	16.42 (150%)
	19.91 (203%)
	2.48 (-62%)

	
	5% of CDF
	0
	0.97 (0%)
	1.96 (102%)
	3.61 (272%)
	0 (-100%)

	
	50% of CDF
	0
	4.04 (0%)
	13.32 (230%)
	17.44 (332%)
	0.85 (-79%)

	
	95% of CDF
	0
	19 (0%)
	41.65 (119%)
	46.35 (144%)
	9.88 (-48%)

	RU %
	43.96
	61.06
	48.94
	47.3
	81.89

	High traffic load 1.65 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
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	28.7 (0%)
	28.55 (-1%)
	27.99 (-2%)
	29.76 (4%)
	22.06 (-23%)

	
	5% of CDF
	6.16 (0%)
	6.55 (6%)
	5.86 (-5%)
	7.11 (15%)
	3.47 (-44%)

	
	50% of CDF
	26.48 (0%)
	25.78 (-3%)
	25.31 (-4%)
	27.58 (4%)
	17.54 (-34%)

	
	95% of CDF
	55.73 (0%)
	55.76 (0%)
	55.7 (0%)
	55.83 (0%)
	55.26 (-1%)

	RU %
	17.36
	16.31
	19.43
	15.7
	36.89

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	30.06 (0%)
	33.7 (12%)
	43.8 (46%)
	6.82 (-77%)

	
	5% of CDF
	0
	9.05 (0%)
	4.15 (-54%)
	13.16 (45%)
	0.94 (-90%)

	
	50% of CDF
	0
	29.11 (0%)
	34.92 (20%)
	47.79 (64%)
	4 (-86%)

	
	95% of CDF
	0
	55.63 (0%)
	55.92 (1%)
	56.42 (1%)
	22.77 (-59%)

	RU %
	17.36
	16.31
	19.43
	15.7
	36.89

	High traffic load 1.65 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
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	19.89 (0%)
	18.21 (-8%)
	17.32 (-13%)
	21.21 (7%)
	10.18 (-49%)

	
	5% of CDF
	3.17 (0%)
	2.85 (-10%)
	2.54 (-20%)
	3.72 (17%)
	0.93 (-71%)

	
	50% of CDF
	15.61 (0%)
	13.71 (-12%)
	12.8 (-18%)
	16.53 (6%)
	5.48 (-65%)

	
	95% of CDF
	49.26 (0%)
	48.39 (-2%)
	45.83 (-7%)
	53.56 (9%)
	37.32 (-24%)

	RU %
	43.96
	50.61
	54.15
	41.14
	81.89

	Performance of aerial Ues

	HPBW
	Case 1
	35
	Case 5, Omni antenna

	Antenna steering
	
	DoT
	LOS
	Ideal LOS
	

	UE average packet throughput, Mbps
	Average
	0
	13.42 (0%)
	19.22 (43%)
	32.51 (142%)
	2.48 (-82%)

	
	5% of CDF
	0
	2.39 (0%)
	0.76 (-68%)
	6.99 (192%)
	0 (-100%)

	
	50% of CDF
	0
	9.97 (0%)
	16.31 (64%)
	32.79 (229%)
	0.85 (-91%)

	
	95% of CDF
	0
	35.26 (0%)
	48.32 (37%)
	55.63 (58%)
	9.88 (-72%)

	RU %
	43.96
	50.61
	54.15
	41.14
	81.89

	High traffic load 1.65 packets/cell/sec



	The above results demonstrate that directional aerial UE antenna can significantly improve UE throughput at both low and high loading conditions. As expected, ideal LoS tracking with narrow antenna beam width can provide the most throughput enhancement. Promising performance improvement is also observed for realistic beam steering assumptions. Both simple DoT beam steering and non-ideal LoS tracking with tracking error can provide substantial throughput improvement compared with aerial UE employing omnidirectional antenna. 
	Comparing the results with and without directional aerial UE antenna, it can be concluded that supporting aerial UE with directional antenna may have negligible performance impact to terrestrial UEs.
	Observation 1: DL performance of aerial UEs can be significantly improved with directional receive antennas at the aerial UE side. The observation is valid even for non-ideal tracking of serving cell LoS direction or random antenna direction without LoS tracking. 
	Proposal 1: Capture in the TR that employing of directional antennas at the aerial UEs is a solution of increased DL interference experienced by aerial UEs. 
FD-MIMO
	Another potential solution which can possibly increase the DL performance of the aerial UEs is FD-MIMO antenna configuration at the BS. Due to adaptive beamforming in both elevation and azimuth domains FD-MIMO technology allows to achieve higher system performance. Applying FD-MIMO for the LTE systems serving aerial vehicles can bring additional benefits due to high range of elevation angles for aerial UEs. 
BS antenna configuration considered for evaluations schematically represented at the below figure.
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Figure 3. Schematic representation of BS antenna configuration considered for evaluations
	The evaluation results of LTE networks serving aerial vehicles with FD-MIMO antenna configuration with 16 ports at the BS are presented below for the cases of low and high traffic load. 
Table 5. Throughput performance for FD-MIMO
	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
	35.78 (0%)
	33.73 (-6%)
	24.74 (0%)
	18.11 (-27%)

	
	5% of CDF
	14.35 (0%)
	11.91 (-17%)
	6.41 (0%)
	2.72 (-58%)

	
	50% of CDF
	35.66 (0%)
	33.44 (-6%)
	22.18 (0%)
	14 (-37%)

	
	95% of CDF
	55.97 (0%)
	55.89 (0%)
	52.04 (0%)
	46.62 (-10%)

	RU %
	21.05
	26.68
	49.91
	71.73

	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
	24.48 (0%)
	0
	9.01 (0%)

	
	5% of CDF
	0
	9.54 (0%)
	0
	1.6 (0%)

	
	50% of CDF
	0
	22.41 (0%)
	0
	6.49 (0%)

	
	95% of CDF
	0
	46.55 (0%)
	0
	26.68 (0%)

	RU %
	21.05
	26.68
	49.91
	71.73



Compare the above results with the results for baseline system without FD-MIMO [2] we can conclude that FD-MIMO technology enables support of aerial UEs with sufficient DL performance even for high resource utilizations and high densities of aerial UEs. 
	Observation 2: FD-MIMO technology enables support of aerial UEs with considerable DL performance gains over system without FD-MIMO even for high resource utilizations and high densities of aerial UEs. 
	Proposal 2: Capture in the TR that FD-MIMO enables support of aerial vehicles with considerable DL performance gains over system without FD-MIMO. 
Summary 
	The following proposals and observations were made:
	Observation 1: DL performance of aerial UEs can be significantly improved with directional receive antennas at the aerial UE side. The observation is valid even for non-ideal tracking of serving cell LoS direction or random antenna direction without LoS tracking. 
	Proposal 1: Capture in the TR that employing of directional antennas at the aerial UEs is a solution of increased DL interference experienced by aerial UEs. 
	Observation 2: FD-MIMO technology enables support of aerial UEs with considerable DL performance gains over system without FD-MIMO even for high resource utilizations and high densities of aerial UEs. 
	Proposal 2: Capture in the TR that FD-MIMO enables support of aerial vehicles with considerable DL performance gains over system without FD-MIMO. 
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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
	2 Rx ports X-pol, slant 0/90 degrees 

	TRP association
	RSRP based
Handover margin = 0 dB

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

	FD-MIMO (if enabled)
	Class A with (N1, N2) = (4,2), (O1, O2) = (4,4), Config. 1
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