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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#88bis, RAN1#89, and a follow-up email discussion, most evaluation assumptions were agreed for evaluating the performance of using LTE network deployments with base station antennas targeting terrestrial coverage to serve low altitude aerial vehicles (a.k.a., drones). In this contribution, we present the baseline throughput results for UMa-AV.  This is a revision of R1-1717852.

UMa-AV throughput statistics
In this section, we present evaluation results on UMa-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 3: 1 aerial UE per sector
· Case 4: 3 aerial UEs per sector
· Case 5: 5 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.


UMa-AV downlink 
Table 1 presents evaluation results on UMa-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.
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[bookmark: _Ref490143946]Table 1: Throughput statistics for UMa-AV downlink.

The terrestrial UE throughput and aerial UE throughput comparisons are summarized in Figure 1 and Figure 2, respectively.  The case numbers are shown in the horizontal axis.  As we can see from Table 1, for the same offered traffic across the 4 cases, increasing the ratio of aerial UEs in general leads to decreased DL packet throughput for both terrestrial UEs and aerial UEs.  The following are observed from these results:
[bookmark: _Toc495257271]In UMa-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)
· [bookmark: _Toc495257272]5% throughput loss:  ~2% under low offered traffic and ~31% under high offered traffic
· [bookmark: _Toc495257273]mean throughput loss:  ~1% under low offered traffic and ~12% under high offered traffic

[bookmark: _Toc495257274]In UMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Cases 4-5 is marginal under low offered traffic (i.e., 20% RU in Case 1) and high in high offered traffic (i.e., 50% RU in Case 1)
· [bookmark: _Toc495257275]5% throughput loss:  less than 15% under low offered traffic and more than 42% under high offered traffic
· [bookmark: _Toc495257276]mean throughput loss:  less than 7% under low offered traffic and more than 23% under high offered traffic

[bookmark: _Toc495257277]In UMa-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.
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[bookmark: _Ref494283816]Figure 1: Downlink terrestrial UE throughput results for UMa-AV.
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[bookmark: _Ref494493885]Figure 2: Downlink aerial UE throughput results for UMa-AV.

UMa-AV Uplink
Table 2 presents evaluation results on UMa-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 = -85 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.

The terrestrial UE throughput and aerial UE throughput comparisons are summarized in Figure 3 and Figure 4, respectively.  The case numbers are shown in the horizontal axis.
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[bookmark: _Ref490135203]Table 2: Throughput statistics for UMa-AV uplink.

As we can see from Table 2Table 1, 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:

[bookmark: _Toc495257278]In UMa-AV uplink, the impact of aerial traffic on terrestrial UE throughputs in Case 3 is low under low offered traffic (i.e., 20% RU in Case 1) and marginal under high offered traffic (i.e., 50% RU in Case 1)
· [bookmark: _Toc495257279]5% throughput loss: no loss under low offered traffic and ~8% under high offered traffic
· [bookmark: _Toc495257280]mean throughput loss: ~1% loss under low offered traffic and ~5% under high offered traffic

[bookmark: _Toc495257281]In UMa-AV uplink, the impact of aerial traffic on terrestrial UE throughputs in Cases 4-5 is marginal under low offered traffic (i.e., 20% RU in Case 1) and high under high offered traffic (i.e., 50% RU in Case 1)
· [bookmark: _Toc495257282]5% throughput loss:  less than 16% under low offered traffic and higher than 26% under high offered traffic
· [bookmark: _Toc495257283]mean throughput loss: less than 9% under low offered traffic and higher than 13% under high offered traffic

[bookmark: _Toc495257284]In UMa-AV uplink, the aerial UE throughputs are higher than those of terrestrial UEs.  This is because aerial UEs generally experience similar interference in the uplink as terrestrial UEs but enjoy higher desired received signal powers than terrestrial UEs.
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[bookmark: _Ref494494647]Figure 3: Uplink terrestrial UE throughput results for UMa-AV.
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[bookmark: _Ref494494658]Figure 4: Uplink aerial UE throughput results for UMa-AV.

Uplink IoT 
The uplink IoT results corresponding to the evaluation assumptions of Appendix A are presented in Table 3 and Table 4 for Terrestrial UEs and Aerial UEs, respectively.  From these results, we make the following observation:
[bookmark: _Toc495257285]An increase in Aerial UEs per cell in the network deteriorates the IoT performance of terrestrial UEs.

	
	UL IoT (Terrestrial UEs)

	
	RU=20%
	RU=50%

	
	Case-1
	Case-2 
	Case-3
	Case-4
	Case-5
	Case-1
	Case-2 
	Case-3
	Case-4
	Case-5

	95-%ile
	8.32
	8.41
	8.99
	9.54
	10.31
	11.92
	12.07
	12.38
	13.44
	14.41

	50-%ile
	2.09
	2.09
	2.51
	3.44
	4.31
	5.42
	5.58
	6.31
	7.82
	9.22

	5-%ile
	0.10
	0.10
	0.15
	0.29
	0.46
	0.50
	0.53
	0.76
	1.28
	1.86


[bookmark: _Ref495257087]Table 3: Uplink IoT statistics for Terrestrial UEs.

	
	UL IoT (Aerial UEs)

	
	RU=20%
	RU=50%

	
	Case-3
	Case-4
	Case-5
	Case-3
	Case-4
	Case-5

	95-%ile
	7.38
	8.98
	10.00
	10.70
	12.27
	13.51

	50-%ile
	0.66
	1.97
	3.34
	2.51
	5.53
	7.88

	5-%ile
	0.02
	0.06
	0.14
	0.14
	0.33
	0.69


[bookmark: _Ref495257094]Table 4: Uplink IoT statistics for Aerial UEs.

From the results in Sections 2 and 3, we make the following proposal:
[bookmark: _Toc490134260][bookmark: _Toc490134664][bookmark: _Toc490134834][bookmark: _Toc490135138][bookmark: _Toc490135202][bookmark: _Toc490135297][bookmark: _Toc490135319][bookmark: _Toc490135371][bookmark: _Toc490143819][bookmark: _Toc490143923][bookmark: _Toc490143945][bookmark: _Toc490143970][bookmark: _Toc490146236][bookmark: _Toc490146315][bookmark: _Toc490147194][bookmark: _Toc490147370][bookmark: _Toc490153263][bookmark: _Toc490154492][bookmark: _Toc490155337][bookmark: _Toc490156103][bookmark: _Toc490229057][bookmark: _Toc490229082][bookmark: _Toc490230991][bookmark: _Toc490231025][bookmark: _Toc490231764][bookmark: _Toc490232594][bookmark: _Toc490232627][bookmark: _Toc490232650][bookmark: _Toc490233103][bookmark: _Toc490233541][bookmark: _Toc490233672][bookmark: _Toc490235807][bookmark: _Toc490235862][bookmark: _Toc490255740][bookmark: _Toc490255778][bookmark: _Toc490261645][bookmark: _Toc490261680][bookmark: _Toc491017148][bookmark: _Toc494490136][bookmark: _Toc494493883][bookmark: _Toc494494510][bookmark: _Toc494494595][bookmark: _Toc494496274][bookmark: _Toc495256794][bookmark: _Toc495257006][bookmark: _Toc495257286]Capture the results presented in this contribution in the TR 36.777.

Conclusions
In this contribution, we presented the baseline throughput results for UMa-AV.  We made the following observations:

Observation 1	In UMa-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)
	5% throughput loss:  ~2% under low offered traffic and ~31% under high offered traffic
	mean throughput loss:  ~1% under low offered traffic and ~12% under high offered traffic
Observation 2	In UMa-AV downlink, the impact of aerial traffic on terrestrial UE throughput in Cases 4-5 is marginal under low offered traffic (i.e., 20% RU in Case 1) and high in high offered traffic (i.e., 50% RU in Case 1)
	5% throughput loss:  less than 15% under low offered traffic and more than 42% under high offered traffic
	mean throughput loss:  less than 7% under low offered traffic and more than 23% under high offered traffic
Observation 3	In UMa-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	In UMa-AV uplink, the impact of aerial traffic on terrestrial UE throughputs in Case 3 is low under low offered traffic (i.e., 20% RU in Case 1) and marginal under high offered traffic (i.e., 50% RU in Case 1)
	5% throughput loss: no loss under low offered traffic and ~8% under high offered traffic
	mean throughput loss: ~1% loss under low offered traffic and ~5% under high offered traffic
Observation 5	In UMa-AV uplink, the impact of aerial traffic on terrestrial UE throughputs in Cases 4-5 is marginal under low offered traffic (i.e., 20% RU in Case 1) and high under high offered traffic (i.e., 50% RU in Case 1)
	5% throughput loss:  less than 16% under low offered traffic and higher than 26% under high offered traffic
	mean throughput loss: less than 9% under low offered traffic and higher than 13% under high offered traffic
Observation 6	In UMa-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.
Observation 7	Increase in Aerial UEs in the network deteriorates the IoT performance of 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




[bookmark: _In-sequence_SDU_delivery]Appendix A: Evaluation Assumption
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 100 degree downtilt angle for UMa-AV

	Wrapping Method
	Geographic Distance based

	Handover Margin
	0 dB

	UL Power control
	P0=-85 dBm and alpha=0.8

	Fast Fading Model
	Option 1 (CDL based)

	Height of the Aerial UEs
	Uniformly distributed between 1.5m and 300m
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Terrestrial UE Performance with respect to Case 1 at 4.76 Mbps/cell offered load
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Aerial UE Performance with respect to Case 3 at 3.12 Mbps/cell offered load
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Aerial UE Performance with respect to Case 3 at 4.76 Mbps/cell offered load
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Terrestrial UEs

Terrestrial UEs

Offered Traffic per Cell [Mbps] 197 415
Case1 Case3 Cased Cases Case1 Case3 Cased Cases
RU [%] 2000 19.70 19.59 19.40 50.00 5197 54.78 58.05
[5% user throughput [Mbps] 212 215 180 107 099 078 062
5% user throughput gain [%] 0.00 127 1518 0.00 7.92 2672 -22.40
[50% user throughput [Mbps] 1337 1324 119 268 807 711 612
[50% user throughput gain [%] 0.00 095 1051 0.00 6.99 -18.06 29.53
[Mean throughput [Mbps] 1278 1267 1174 517 870 7.95 713
[Mean throughput gain [%] 0.00 089 814 0.00 515 1332 227
[95% user throughput [Mbps] 2182 2167 2125 19.60 19.10 1839 17.04
[35% user throughput gain [%] 0.00 071 261 0.00 -2.56 617 1102
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Aerial UEs Aerial UEs
Offered Traffic per Cell [Mbps] 197 415
Case3 Cased Cases Case3 Cased Cases
RU [%] 19.70 19.59 19.40 5197 54.78 58.05
[5% user throughput [Mbps] 18.33 16.02 1388 1253 10.77 800
5% user throughput gain [%] 0.00 1264 2428 0.00 -16.68 3815
[50% user throughput [Mbps] 232 2181 2094 21.06 19.21 16.80
[50% user throughput gain [%] 0.00 226 619 0.00 881 2023
[Mean throughput [Mbps] 2163 2085 2004 19.82 1842 1648
[Mean throughput gain [%] 0.00 263 737 0.00 -7.06 -16.85
[95% user throughput [Mbps] 216 2311 23.04 23.06 2.9 2267
[35% user throughput gain [%] 0.00 022 050 0.00 054 169
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Terrestrial UE Performance with respect to Case 1 at 4.15 Mbps/cell offered load
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Aerial UE Performance with respect to Case 3 at 1.97 Mbps/cell offered load
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Aerial UE Performance with respect to Case 3 at 4.15 Mbps/cell offered load
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Terrestrial UEs

Terrestrial UEs

Offered Traffic per Cell [Mbps] 312 4.76
Case1 Case3 Cased Cases Case1 Case3 Cased Cases
RU [%] 2000 2156 24.95 28.89 50.00 57.39 69.40 7158
[5% user throughput [Mbps] 4.76 4.65 434 2.05 139 0.96 0.80 058
5% user throughput gain [%] 0.00 217 -8.69 -14.82 0.00 3079 -22.35 -57.98
[50% user throughput [Mbps] 17.20 17.02 16,60 16.09 5.02 7.49 622 518
[50% user throughput gain [%] 0.00 106 -3.50 643 0.00 -16.96 3107 -22.57
[Mean throughput [Mbps] 2047 2030 19.89 19.3 1268 1119 978 876
[Mean throughput gain [%] 0.00 084 -2.85 6.04 0.00 1179 22,90 -3089
[95% user throughput [Mbps] 47.32 47.32 46.63 46,55 3848 3596 30.99 30.36
[95% user throughput gain (%] 0.00 0.00 146 162 0.00 653 1945 2109
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Aerial UEs Aerial UEs
Offered Traffic per Cell [Mbps] 312 4.76
Case3 Cased Cases Case3 Cased Cases
RU [%]

[5% user throughput [Mbps] 2.60 226 195 070 033 018
5% user throughput gain [%] 0.00 1316 2528 0.00 52.98 7481
[50% user throughput [Mbps] 712 641 5.9 3.31 225 164
[50% user throughput gain [%] 0.00 5,97 1635 0.00 22,05 5051
[Mean throughput [Mbps] 850 7.56 717 481 3.43 3.18
[Mean throughput gain [%] 0.00 1102 -15.67 0.00 2872 -33.90
[95% user throughput [Mbps] 19.61 17.59 1692 1176 933 854
[35% user throughput gain [%] 0.00 1029 1374 0.00 2065 -27.35





