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Introduction
In RAN#75, the study item on enhanced LTE support for aerial vehicles was approved [1]. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to aerial vehicles. In RAN1#90bis, we have presented baseline evaluation results for UMa-AV [2]. In this contribution, we present baseline evaluation results for RMa-AV, which is also an important scenario for LTE networks to provide connectivity to aerial vehicles.
RMa-AV throughput statistics
In this section, we present evaluation results on RMa-AV packet throughput for data traffic including
· DL 5%, 50%, 95% and mean packet throughput statistics for terrestrial UEs Data traffic
· DL 5%, 50%, 95% and mean packet throughput statistics of aerial UEs Data traffic

The following agreed simulation cases are evaluated.
· Case 1: 0 aerial UE per sector for reference
· Case 2: 1 aerial UE per 10 sectors
· Case 3: 1 aerial UE per sector
· Case 4: 3 aerial UEs per sector
In all cases, there are 15 UEs per sector including aerial UEs.

Two baseline scenarios are considered: Case 1 with 20% resource utilization (RU), Case 1 with 50% RU.
RMa-AV downlink
Table 1 presents evaluation results on RMa-AV downlink packet throughput for data traffic.  In Table 1, throughput statistics are separately presented for Terrestrial UEs and Aerial UEs.  Note that in Terrestrial UEs results, case 1 is chosen as the baseline for comparison. In Aerial UEs results, case 3 is chosen as the baseline for comparison.

As we can see from Table 1, for the same offered traffic, increasing the ratio of aerial UEs in general leads to decreased downlink packet throughput for both terrestrial UEs and aerial UEs. The following are observed from these results: 

[bookmark: _Toc498708866]For RMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Case 2 is low under both low offered traffic (i.e., 20% RU in Case 1) and high offered traffic (i.e., 50% RU in Case 1). 
[bookmark: _Toc498708867]For RMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Case 3 is low under low offered traffic (i.e., 20% RU in Case 1) and notable in high offered traffic (i.e., 50% RU in Case 1). 
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RMa-AV uplink
Table 2 presents evaluation results on RMa-AV uplink packet throughput for data traffic.  In Table 2 throughput statistics are separately presented for Terrestrial UEs and Aerial UEs.  For these results, we assume a power control setting of P0 = -78 dBm and alpha = 0.8.  Note that in Terrestrial UEs results, case 1 is chosen as the baseline for comparison. In Aerial UEs results, case 3 is chosen as the baseline for comparison.

As we can see from Table 2, for the same offered traffic across the 4 cases, increasing the ratio of aerial UEs in general leads to decreased UL packet throughput for both terrestrial UEs and aerial UEs.  The following are observed from these results:
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Based on the discussion above, we make the following proposal:
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Conclusions
In this contribution, we present baseline evaluation results for RMa-AV.  Based on the evaluation results, we made the following observations.
Observation 1	For RMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Case 2 is low under both low offered traffic (i.e., 20% RU in Case 1) and high offered traffic (i.e., 50% RU in Case 1).
Observation 2	For RMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Case 3 is low under low offered traffic (i.e., 20% RU in Case 1) and notable in high offered traffic (i.e., 50% RU in Case 1).
Observation 3	In RMa-AV downlink, the aerial UE throughputs are much lower than those of terrestrial UEs. This is because aerial UEs experience more interference in the downlink.
Observation 4	For RMa-AV uplink, the impact of aerial traffic on terrestrial UE throughput in Case 2 is low under both low offered traffic (i.e., 20% RU in Case 1) and high offered traffic (i.e., 50% RU in Case 1).
Observation 5	For RMa-AV uplink, the impact of aerial traffic on terrestrial UE throughput in Case 3 is low under low offered traffic (i.e., 20% RU in Case 1) and notable in high offered traffic (i.e., 50% RU in Case 1).
Observation 6	In RMa-AV uplink, the aerial UE throughputs are higher than those of terrestrial UEs. This is because aerial UEs experience similar interference in the uplink as terrestrial UEs but enjoy higher desired received signal powers than terrestrial UEs.

Based on the discussion in this contribution, we propose the following:
Proposal 1	Capture the results presented in this contribution in the TR 36.777
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Appendix
The below table summarizes the evaluation assumptions
	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 96 degree downtilt angle for RMa-AV

	Wrapping Method
	Geographic Distance based

	Handover Margin
	0 dB

	UL Power control
	P0 = -78 dBm and alpha = 0.8

	Fast Fading Model
	Option 1 (CDL based)

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


Table 3: Evaluation assumptions for RMa-AV
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Terrestrial UEs

Terrestrial UEs

Offered Traffic per Cell [Mbps] 3.85 7.45
Casel | Case2 | Case3 | Case4 | Casel | Case2 | Case3
RU(%) 20.00 [ 2000 | 22.14 | 2830 | 50.00 | 51.06 | 70.27
5% user throughput [Mbps] 7.59 7.59 6.64 | 4.50 2.91 271 111
5% user throughput gain [%] 0.00 | 008 | -12.44 | 4069 | 000 | 696 | -61.77
50% user throughput [Mbps] 2020 | 2000 | 1822 | 1374 | 1080 | 1032 | 5.73
50% user throughput gain [%] 000 | -1.00 | 981 | 3198 | 000 | -445 | -46.96
mean user throughput [Mbps] | 18.17 | 18.06 | 16.69 | 13.32 | 11.79 | 11.37 | 7.28
mean user throughput gain [%] | 0.00 | -0.57 13 | 2670 | 000 | -350 | -38.24
95% user throughput [Mbps] 2340 | 2340 | 2332 | 2177 | 2216 | 21.87 | 17.97
95% user throughput gain [%] 000 | -0.01 35 | -6.98 | 0.00 | -1.28 | -18.88
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Aerial UEs Aerial UEs

Offered Traffic per Cell [Mbps] 3.85 7.45
Case3 | Cased | Case3

RU(%) 2214 | 2830 70.27

5% user throughput [Mbps] 16.49 | 10.55 10.10
5% user throughput gain [%] 0.00 | -36.02 0.00
50% user throughput [Mbps] 21.04 | 17.64 16.30
50% user throughput gain [%] 0.00 [ -16.14 0.00
mean user throughput [Mbps] | 20.65 | 17.29 16.28
mean user throughput gain [%] | 0.00 | -16.30 0.00
95% user throughput [Mbps] 2341 | 2283 22.45
95% user throughput gain [%] 000 | -2.50 0.00





image1.png
Terrestrial UEs

Terrestrial UEs

Offered Traffic per Cell [Mbps] 4.52 7.65

Casel | Case2 | Case3 | Case4 | Casel | Case2 | Case3

RU(%) 20 204 | 2536 | 46.16 50 515 80.6

5% user throughput [Mbps] 7.42 731 6.19 3.08 236 221 0.20
5% user throughput gain [%] 0.00 | -1.50 | 1661 | 5847 | 000 | 621 | -91.52
50% user throughput [Mbps] 2335 | 2335 | 2160 | 13.99 | 11.81 | 11.44 | 3.33
50% user throughput gain [%] 000 | 001 | 7.47 | -40.09 | 000 | 313 | -71.77
mean user throughput [Mbps] | 25.36 | 2529 | 2361 | 17.35 | 1532 | 14.94 | 6.81
mean user throughput gain [%] | 0.00 | -0.26 .87 | 3156 | 000 | -2.47 | 5553
95% user throughput [Mbps] 48.66 | 4859 | 47.88 | 44.04 | 41.85 | 4157 | 26.28
95% user throughput gain [%] 000 | -0.15 62 | 951 | 0.00 | -0.66 | -37.21
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Aerial UEs Aerial UEs
Offered Traffic per Cell [Mbps] 452 7.65
Case3 | Cased | Ccase3
RU(%) 2536 | 4616 80.6
5% user throughput [Mbps] 159 | o6l 0.04
5% user throughput gain [%] 000 | w15 | 000
[50% user throughput [Mbps] 291 | 266 062
[50% user throughputgain %] | 0.00 | 4575 0.00
mean user throughput Mbps] | 651 | 4.22 159
mean user throughputgain [%] | 0.00 | 3519 0.00
[95% user throughput [Mbps] 1789 | 13.08 629
[35% user throughputgain 1%]_| 0.00 | 2650 0.00





