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6
Identified problem 

Editor’s note:
Potential issues to cater for aerial vehicles using the existing LTE network are to be captured will be captured in this section.

6.1 Downlink interference on aerial UEs
Based on results from [3] sources presented in Table C.2-1 and results from [2] sources presented in Table C.2-2, it is observed that for aerial UEs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV and RMa-AV, the five percentile downlink geometry experienced by the aerial UEs is statistically worse than the five percentile downlink geometry experienced by the terrestrial UEs.  Since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs will receive interference from more cells in the downlink than a typical terrestrial UE could.  Hence, the degraded five percentile downlink geometry experienced by the aerial UEs with respect to terrestrial UEs is due to aerial UEs receiving downlink inter-cell interference from multiple cells. 
Due to downlink interference from multiple cells received at aerial UEs, increasing the ratio of aerial UEs requires higher resource utilization level to deliver the same offered cell data traffic. The increase in resource utilization level further decreases the spectral efficiency in the network, which in turn degrades downlink throughput performance of both aerial UEs and terrestrial UEs. This degradation in downlink throughput performance of both aerial and terrestrial UEs is evident from results based on [2] sources presented in Sections D.1.1 and D.1.2.  These results demonstrate that the degradation of downlink throughputs is more at higher offered traffic loads.  Furthermore, it is also concluded from these results that the downlink throughput degradation for aerial UEs is more significant than the downlink throughput degradation for terrestrial UEs.
6.2 Uplink interference caused by aerial UEs

Based on results from 2 sources presented in Section D.3, it is observed that for aerial UEs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV, the presence of aerial UEs increases the UL IoT of both aerial and terrestrial UEs.  Since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs would cause more interference to more cells in the uplink than a typical terrestrial UE could.  Hence, the increase in UL IoT with increasing ratio of aerial UEs is due to aerial UEs causing more uplink interference to multiple cells.
Due to uplink interference caused by aerial UEs, increasing the ratio of aerial UEs requires higher resource utilization level to deliver the same offered cell data traffic.  The uplink interference caused by aerial UEs degrades throughput performance of terrestrial UEs.  The increase in resource utilization level further increases interference in the network, which in turn degrades uplink throughput performance of both aerial UEs and terrestrial UEs.  This degradation in uplink throughput performance of both aerial and terrestrial UEs is evident from results based on [2] sources presented in Sections D.2.1 and D.2.2.  These results demonstrate that the degradation of uplink throughputs is more at higher offered traffic loads.
7
Potential enhancements for supporting aerial vehicles

Editor’s note: This section will capture potential enhancements, including: enhancement of current LTE mobility, enhancements of measurements report mechanism and enhancements of identifying air-borne UE causing interference. 
The solution for interference detection should allow for detection of potentially air-borne UEs causing excessive interference, including UEs non-certified for aerial usage and UEs not implementing Rel-15 UAV functions. The solution should be able to identify the potentially air-borne UE, which is a source of excessive interference, check whether this UE is an air-borne UE and verify whether this UE is authorized to act as an air-borne UE.
7.1 Potential enhancements for downlink interference mitigation
7.1.1 FD-MIMO
In this solution, FD-MIMO with multiple antennas at the eNB transmitter are used to mitigate the interference in the downlink to aerial UEs.

The evaluation results for this solution are given in Section F.2.

7.2 Potential enhancements for uplink interference mitigation

7.2.1 Power control-based mechanisms
The following power control-based mechanisms were studied for uplink interference mitigation:
7.2.1.1 UE specific fractional pathloss compensation factor

In this solution, an enhancement to the existing open loop power control mechanism is considered where a UE specific fractional pathloss compensation factor 
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 is introduced.  With the introduction of UE specific fractional pathloss compensation factor 
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, it is possible to configure the aerial UEs with a different 
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 compared to the fractional pathloss compensation factor configured to the terrestrial UEs.  This solution requires standard enhancement to the existing open loop power control mechanism in order to introduce the possibility to configure fractional pathloss compensation factor in a UE specific manner.
The evaluation results for this solution are given in Section F.1.1.
7.2.1.2 UE specific P0 parameter
In this solution, the aerial UEs are configured with a different 
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 when compared to the 
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 configured to the terrestrial UEs.  Since UE specific 
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 is already supported in the existing open loop power control mechanism, enhancements to the existing power control mechanism are not needed.
The evaluation results for this solution are given in Section F.1.2.
7.2.1.3 Closed loop power control

In this solution, the target received powers for the aerial UEs are adjusted taking into account both serving and neighbour cell measurement reports.  In this solution, the closed loop power control for aerial UEs also needs to cope with potential fast signal change in the sky since aerial UEs may be served by the sidelobes of base station antennas.  Hence, this solution may require specification enhancements for increased step size of [image: image7.wmf]c

PUSCH,

d

.
The evaluation results for this solution are given in Section F.1.3.
7.2.2 FD-MIMO
In this solution, FD-MIMO with multiple antennas at the eNB receiver are used to mitigate the interference in the uplink.
The evaluation results for this solution are given in Section F.2.
------------------------ Unchanged parts omitted ------------------------

NOTE 1: 
For mobility evaluations, UMa-AV scenario as described in Table A.1-1 is baseline and RMa is second priority.
NOTE 2:
0 m AGL corresponds to ground UEs.

NOTE 3:
Aerial UE height is constant throughout the simulation. 

NOTE 4:
Total number of UEs and ratio of Aerial UEs are same as in A.1. However, for mobility evaluations, all UEs are assumed to be outdoor.

A.2.2


UE Placement and Trajectories
For mobility evaluations, each modelled UE starts at a randomly selected location in the network. The UE then moves at the assigned constant speed at the constant height in a straight line for the entire duration of the simulation. The initial horizontal direction (bearing angle) is selected randomly and uniformly. When the UE hits the simulation border (the wrap-around contour), it wraps around and enters the simulation area from a different point on the wrap-around contour. 
A.2.3


LOS/NLOS modelling
LOS or NLOS for an Aerial UE is fixed throughout the simulation based on initial determination of LOS/NLOS. 
B.1 Fast fading models for Aerial UTs

For fast fading modeling for RMa-AV aerial UTs between 10m and 300m heights and for UMa-AV/UMi-AV aerial UTs between 22.5m and 300m heights, one of the three alternatives in Sections B.1.1, B.1.2, and B.1.3 can be used for evaluating the scenarios with 2Tx-2Rx at the base station and 1/2Tx-2Rx at the user terminal.

B.1.1
Alternative 1
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the following procedures are used when evaluating with a CDL-D based fast fading model:
Step 1: Follow steps 1-3 in Section 7.5 of [4] for UT dropping, LOS/NLOS assignment and pathloss calculation; for LOS/NLOS assignment and pathloss, Tables B-1, B-2, and B-3 are used.

Step 2: Continue with steps 1-4 in Section 7.7.1 of [4] with parameters defined in Table 7.7.1-4 of [4] for channel coefficient generation.
Step 3: The angle values are further scaled according to Section 7.7.5.1 of [4] with the actual LOS AOA, LOS AOD, LOS ZOA and LOS ZOD of a dropped aerial UT as the desired mean AOA, AOD, ZOA and ZOD, respectively; the desired angular spreads (i.e., 
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 in Equation 7.7-5 of [4]) to be used for scaling for RMa-AV and UMa-AV are given in Table B.1.1-1 and Table B.1.1-2, respectively.  Note that angular scaling is applied to ray angles (i.e., 
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 etc.) as indicated in Step 1 of Section 7.7.1 in [4].

Step 4: The K-factor of the CDL-D model is scaled to a desired K-factor according to Section 7.7.6 of [4].  The delay spread of the CDL-D model is scaled according to Section 7.7.3 of [4] with a desired delay spread value.  The desired K-factor and the desired delay spread values for RMa-AV and UMa-AV are given in Table B.1.1-1 and Table B.1.1-2, respectively.

Step 5:For ZOD in LOS conditions, an offset angle is added only to the non-direct paths (i.e., to all the Laplacian clusters in CDL-D) after the scaling of the angle values.  This offset angle is determined from geometry assuming specular reflection on the ground for RMa-AV and assuming specular reflection on the building roof for UMa-AV.  The offset angle determination for RMa-AV and UMa-AV are illustrated in Figure B.1.1-1 and Figure B.1.1-2, respectively.  The determined offset angles for RMa-AV and UMa-AV are given in (B.1.1-1) and (B.1.1-2), respectively.
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(B.1.1-1)
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(B.1.1-2)
Step 6:  For ZOD in NLOS conditions, 
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 for both RMa-AV and UMa-AV.

Table B.1.1-1: Desired angular spreads, desired delay spreads, and desired K-factor for RMa-AV
	Scenario
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	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	RMa-AV LOS
	0.2º
	0.2º
	0.1º
	0.1º
	20 dB
	10 ns

	RMa-AV NLOS
	0.5º
	0.5º
	0.2º
	0.2º
	10 dB
	30 ns


Table B.1.1-2: Desired angular spreads, desired delay spreads, and desired K-factor for UMa-AV
	Scenario
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	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	UMa-AV LOS
	0.5º
	0.5º
	0.1º
	0.1º
	20 dB
	10 ns

	UMa-AV NLOS
	1º
	1º
	0.3º
	0.3º
	10 dB
	30 ns
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Figure B.1.1-1: Geometry based ZOD offset angle determination for RMa-AV.

[image: image16.png]



Figure B.1.1-2: Geometry based ZOD offset angle determination for UMa-AV.

For UMi-AV aerial UTs, a fast fading model based on the ‘reverse’ UMa scenario is used where the base station is below the average rooftop height and the UT is well above rooftop.  In this alternative, the fast fading model in Section 7.5 of [4] is reused with the angular spreads at the base station and UT interchanged.

B.1.2
Alternative 2
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the fast fading model in Section 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified.  The modified parameters for RMa-AV and UMa-AV are given in Table B.1.2-1 and Table B.1.2-2, respectively.  For UMi-AV aerial UTs, the fast fading model in Section 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified according to [9].  In this alternative, all the remaining parameters are reused from [4], including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters is modelled as in [9].

Table B.1.2-1: Modified DS, ASA, ZSA, ZSD and K parameters for RMa-AV
	Parameter
	Scenario
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Table B.1.2-2: Modified DS, ASA, ZSA, ZSD and K parameters for UMa-AV
	Parameter
	Scenario
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[image: image45.wmf](

)

503

.

7

log

0965

.

0

10

-

UT

h


	
[image: image46.wmf](

)

UT

h

0045

.

0

exp

9745

.

0

-



	ASA
	UMa-AV LOS
	
[image: image47.wmf](

)

602

.

1

log

4985

.

2

10

-

-

UT

h


	
[image: image48.wmf](

)

UT

h

0085

.

0

exp

0389

.

1



	
	UMa-AV NLOS
	
[image: image49.wmf](

)

666

.

2

log

266

.

2

10

-

-

UT

h


	
[image: image50.wmf](

)

UT

h

009944

.

0

exp

022

.

1



	ASD
	UMa-AV LOS
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B.1.3
Alternative 3
In this alternative, for RMa-AV aerial UTs, UMa-AV aerial UTs, and UMi-AV aerial UTs , the fast fading model in Section 7.5 of [4] is used with K=15 dB.  In this alternative, all the remaining parameters are reused from [4], including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances. 

Annex C:  Calibration results and RSRP Statistics
Editor’s note: This section will capture calibration results and RSRP statistics.
C.1 Calibration results 

Large scale calibration results without fast fading are presented in this section.  The assumptions used for generating the calibration results are given in Table C.1-1.  Calibration results are given in Figures C.1-1 to C.1-6 for UMi-AV, UMa-AV, and RMa-AV.  The coupling loss and geometry results presented in this section include statistics of all UTs including both terrestrial and aerial UTs.

Table C.1-1: Simulation assumption for large scale calibration
	Parameter
	Values

	Scenarios 
	UMi-AV, UMa-AV, RMa-AV 

	Cell layout and Sectorization
	Hexagonal grid, 19 macro/micro sites

3 sectors per cell site: 30, 150 and 270 degrees
	[image: image65.png]90°





	BS antenna configuration
	2Tx/2Rx cross polarized with BS antenna pattern for non FD-MIMO defined in Annex A

	BS antenna port mapping
	All elements of each polarization on each column are mapped to a single CRS port

	Antenna virtualization and BS antenna down tilt angles
	DFT precoding according to [3] with application of down tilt angles given below:

ϑ = 104 degrees for UMi-AV

ϑ = 100 degrees for UMa-AV

ϑ = 96 degrees for RMa-AV

	BS Tx power
	41 dBm for UMi-AV

46 dBm for UMa-AV and RMa-AV

	Bandwidth
	According to Appendix A

	UT antenna configurations
	2 Tx/2 Rx cross polarized; Isotropic antenna gain pattern

	Handover margin
	0dB

	Aerial UT ratio cases
	Case 1: 0 aerial UTs and 15 terrestrial UTs per sector

Case 5: 5 aerial UTs and 10 terrestrial UTs per sector

	Terrestrial UT distribution 
	According to [4]

	Aerial UT height distribution
	Uniformly distributed between 1.5m and 300m

	Cell association
	Based on RSRP (according to Section 8.1 of [3]) from CRS port 0
Note: Fast fading is not taken into account.

	UT receiver noise figure
	According to Appendix A

	Fast fading channel
	not modelled

	O2I penetration loss
	According to Appendix A

	Carrier frequency
	2GHz for UMi-AV and UMa-AV, 700MHz for RMa-AV

	Wrapping method
	Geographical distance based wrapping

	Metrics
	 Coupling loss - serving cell

	
	 Geometry
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	Figure C.1-1: Coupling loss for UMi-AV averaged over 4 sources (see R1-1714857 [8])
	Figure C.1-2: Geometry for UMi-AV averaged over 4 sources (see R1-1714857 [8])
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	Figure C.1-3: Coupling loss for UMa-AV averaged over 5 sources (see R1-1714857 [8])
	Figure C.1-4: Geometry for UMa-AV averaged over 5 sources (see R1-1714857 [8])
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	Figure C.1-5: Coupling loss for RMa-AV averaged over 5 sources (see R1-1714857 [8])
	Figure C.1-6: Geometry for RMa-AV averaged over 5 sources (see R1-1714857 [8])


C.2 Five percentile geometry results 

In this section, five percentile geometry results are presented based on the evaluation assumptions in Annex A.1 and Annex C.1 except that fast fading is taken into account.  The five percentile geometry results are given for different aerial UT ratio cases and UT types in Table C.2-1 (for UMa-AV), Table C.2-2 (RMa-AV) and Table C.2-3 (UMi-AV).
Table C.2-1: Five percentile geometry results for UMa-AV
	Aerial UT Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2
	Source 3

	
	
	Listed as Source 1 in R1-1714675 [9]
	Listed as Source 4 in R1-1714675 [9]
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-4.43
	-4.09
	-4.72

	Case 2
	All UEs
	-4.53
	
	-4.8

	Case 3
	All UEs
	-6.15
	-6.01
	-5.48

	Case 4
	All UEs
	-8.35
	
	-5.95

	Case 5
	All UEs
	-8.79
	-7.98
	-6.28

	Case 5
	Terrestrial UEs
	-4.39
	-3.87
	-4.47

	Case 5
	Aerial UEs
	-9.57
	-8.64
	-6.99


Table C.2-2: Five percentile geometry results for RMa-AV
	Aerial UE Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2

	
	
	Listed as Source 1 in R1-1714675 [9]
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-2.21
	-5.08

	Case 2
	All UEs
	-2.37
	-5.20

	Case 3
	All UEs
	-5.03
	-5.01

	Case 4
	All UEs
	-8.15
	-5.82

	Case 5
	All UEs
	-8.67
	-5.92

	Case 5
	Terrestrial UEs
	-2.22
	-4.98

	Case 5
	Aerial UEs
	-9.30
	-6.88


Table C.2-3: Five percentile geometry results for UMi-AV
	Aerial UE Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1

	
	
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-2.71

	Case 2
	All UEs
	-2.86

	Case 3
	All UEs
	-2.84

	Case 4
	All UEs
	-4.41

	Case 5
	All UEs
	-4.99

	Case 5
	Terrestrial UEs
	-2.38

	Case 5
	Aerial UEs
	-6.05


Annex D:  Evaluation results with baseline assumptions
Editor’s note: This section will capture evaluation results such as DL/UL throughput and UL IoT with baseline assumptions.
D.1 DL throughput results with baseline assumptions 

D.1.1 DL Throughput results for terrestrial UEs
In this section, the downlink throughput results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.1.1-1 and D.1.1-2.  From these results, the following can be observed:
· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for terrestrial UEs:
· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:
· Source 1 shows 6.04% mean throughput loss, 6.43% fifty percentile throughput loss, and 14.82% five percentile throughput loss.
· Source 2 shows 4% fifty percentile throughput gain.
· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:
· Source 1 shows 30.89% mean throughput loss, 42.57% fifty percentile throughput loss, and 57.98% five percentile throughput loss.
· Source 2 shows 20.28% fifty percentile throughput loss, and 28.89% five percentile throughput loss.
· With increasing ratio of aerial UEs, the degradation of downlink terrestrial UE throughput is more at higher resource utilization values.

Table D.1.1-1: Downlink terrestrial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	3.12
	4.76

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 4
	Case 5
	Case 1
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	21.56
	24.95
	28.89
	50.00
	57.39
	69.40
	71.58

	5% user throughput [Mbps]
	4.76
	4.65
	4.34
	4.05
	1.39
	0.96
	0.80
	0.58

	5% user throughput gain [%]
	0.00
	-2.17
	-8.69
	-14.82
	0.00
	-30.79
	-42.35
	-57.98

	50% user throughput [Mbps]
	17.20
	17.02
	16.60
	16.09
	9.02
	7.49
	6.22
	5.18

	50% user throughput gain [%]
	0.00
	-1.06
	-3.50
	-6.43
	0.00
	-16.96
	-31.07
	-42.57

	Mean throughput [Mbps]
	20.47
	20.30
	19.89
	19.23
	12.68
	11.19
	9.78
	8.76

	Mean throughput gain [%]
	0.00
	-0.84
	-2.85
	-6.04
	0.00
	-11.79
	-22.90
	-30.89

	95% user throughput [Mbps]
	47.32
	47.32
	46.63
	46.55
	38.48
	35.96
	30.99
	30.36

	95% user throughput gain [%]
	0.00
	0.00
	-1.46
	-1.62
	0.00
	-6.53
	-19.45
	-21.09

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:
· Fast fading modelled.


Table D.1.1-2: Downlink terrestrial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	
	
	
	
	50.00
	
	
	
	

	5% user throughput [Mbps]
	2.29
	3.04
	3.03
	2.78
	2.93
	2.25
	2.08
	2.08
	2.35
	1.60

	5% user throughput gain [%]
	0.00
	32.75
	32.31
	21.40
	27.95
	0.00
	-7.56
	-7.56
	4.44
	-28.89

	50% user throughput [Mbps]
	16.00
	19.78
	20.93
	21.39
	16.64
	15.88
	16.88
	13.79
	14.13
	12.66

	50% user throughput gain [%]
	0.00
	23.63
	30.81
	33.69
	4.00
	0.00
	6.30
	-13.16
	-11.02
	-20.28

	Mean throughput [Mbps]
	
	
	
	
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	
	
	
	
	

	95% user throughput [Mbps]
	56.34
	56.34
	56.34
	56.34
	56.34
	56.34
	55.56
	52.41
	54.79
	54.02

	95% user throughput gain [%]
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-1.38
	-6.98
	-2.75
	-4.12

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.


D.1.2 Throughput results for aerial UEs

In this section, the downlink throughput results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.1.2-1 and D.1.2-2.  From these results, the following can be observed:
· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 15.67% mean throughput loss, 16.35% fifty percentile throughput loss, and 25.28% five percentile throughput loss.

· Source 2 shows 39.88% fifty percentile throughput loss, and 58.98% five percentile throughput gain.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 33.90% mean throughput loss, 50.51% fifty percentile throughput loss, and 74.81% five percentile throughput loss.

· Source 2 shows 46.87% fifty percentile throughput loss.

· With increasing ratio of aerial UEs, the degradation of downlink aerial UE throughput is more at higher resource utilization values.

Table D.1.2-1: Downlink aerial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	3.12
	4.76

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	2.60
	2.26
	1.95
	0.70
	0.33
	0.18

	5% user throughput gain [%]
	0.00
	-13.16
	-25.28
	0.00
	-52.98
	-74.81

	50% user throughput [Mbps]
	7.12
	6.41
	5.96
	3.31
	2.25
	1.64

	50% user throughput gain [%]
	0.00
	-9.97
	-16.35
	0.00
	-32.05
	-50.51

	Mean throughput [Mbps]
	8.50
	7.56
	7.17
	4.81
	3.43
	3.18

	Mean throughput gain [%]
	0.00
	-11.02
	-15.67
	0.00
	-28.72
	-33.90

	95% user throughput [Mbps]
	19.61
	17.59
	16.92
	11.76
	9.33
	8.54

	95% user throughput gain [%]
	0.00
	-10.29
	-13.74
	0.00
	-20.65
	-27.35

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.


Table D.1.2-2: Downlink aerial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	3.34
	2.15
	1.37
	1.74
	1.1
	1.86

	5% user throughput gain [%]
	0.00
	-35.63
	-58.98
	0.00
	-36.78
	6.90

	50% user throughput [Mbps]
	8.35
	5.72
	5.02
	8.62
	4.29
	4.58

	50% user throughput gain [%]
	0.00
	-31.50
	-39.88
	0.00
	-50.23
	-46.87

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	29.4
	27.39
	18.17
	44.95
	23.98
	31.55

	95% user throughput gain [%]
	0.00
	-6.84
	-38.20
	0.00
	-46.65
	-29.81

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.


D.1.3 Throughput results for all UEs

In this section, the downlink throughput results with baseline assumptions for all UEs are presented for UMa-AV.  The results from 1 source are given in Table D.1.3-1.
Table D.1.3-1: Downlink throughput results for all UEs with baseline assumptions for UMa-AV from Source 3 (Listed as Source 3 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	2.40
	4.20

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	22.53
	44.90
	54.43
	81.42

	5% user throughput [Mbps]
	2.33
	0.88
	0.63
	0.00

	5% user throughput gain [%]
	0.00
	-62.23
	0.00
	-100.00

	50% user throughput [Mbps]
	17.83
	6.45
	8.21
	1.98

	50% user throughput gain [%]
	0.00
	-63.83
	0.00
	-75.88

	Mean throughput [Mbps]
	22.06
	12.03
	12.11
	4.98

	Mean throughput gain [%]
	0.00
	-45.47
	0.00
	-58.88

	95% user throughput [Mbps]
	55.26
	41.20
	36.73
	20.03

	95% user throughput gain [%]
	0.00
	-25.44
	0.00
	-45.47

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.
· Handover margin of 3dB assumed.


D.2 UL throughput results with baseline assumptions 

D.2.1 Throughput results for terrestrial UEs

In this section, the uplink throughput results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from [2] sources are given in Tables D.2.1-1 and D.2.1-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased uplink throughputs for terrestrial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:

· Source 1 shows 8.14% mean throughput loss, 10.51% fifty percentile throughput loss, and 15.18% five percentile throughput loss.

· Source 2 shows 56.17% fifty percentile throughput loss and 45.30% five percentile throughput loss.

· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:
· Source 1 shows 22.27% mean throughput loss, 29.53% fifty percentile throughput loss, and 42.40% five percentile throughput loss.

· Source 2 shows 32.30% fifty percentile throughput loss, and 19.89% five percentile throughput loss.
Table D.2.1-1: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.97
	4.15

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 4
	Case 5
	Case 1
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	19.70
	19.59
	19.40
	50.00
	51.97
	54.78
	58.05

	5% user throughput [Mbps]
	2.12
	2.15
	2.04
	1.80
	1.07
	0.99
	0.78
	0.62

	5% user throughput gain [%]
	0.00
	1.27
	-3.94
	-15.18
	0.00
	-7.92
	-26.72
	-42.40

	50% user throughput [Mbps]
	13.37
	13.24
	12.59
	11.96
	8.68
	8.07
	7.11
	6.12

	50% user throughput gain [%]
	0.00
	-0.95
	-5.77
	-10.51
	0.00
	-6.99
	-18.06
	-29.53

	Mean throughput [Mbps]
	12.78
	12.67
	12.23
	11.74
	9.17
	8.70
	7.95
	7.13

	Mean throughput gain [%]
	0.00
	-0.89
	-4.28
	-8.14
	0.00
	-5.15
	-13.32
	-22.27

	95% user throughput [Mbps]
	21.82
	21.67
	21.50
	21.25
	19.60
	19.10
	18.39
	17.44

	95% user throughput gain [%]
	0.00
	-0.71
	-1.46
	-2.61
	0.00
	-2.56
	-6.17
	-11.02

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.
· Open loop power control with 
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Table D.2.1-2: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	
	
	
	
	50.00
	
	
	
	

	5% user throughput [Mbps]
	2.98
	4.18
	2.97
	2.53
	1.63
	1.86
	2.04
	1.92
	1.30
	1.49

	5% user throughput gain [%]
	0.00
	40.27
	-0.34
	-15.10
	-45.30
	0.00
	9.68
	3.23
	-30.11
	-19.89

	50% user throughput [Mbps]
	14.76
	14.49
	12.76
	9.45
	6.47
	6.78
	6.18
	5.77
	3.68
	4.59

	50% user throughput gain [%]
	0.00
	-1.83
	-13.55
	-35.98
	-56.17
	0.00
	-8.85
	-14.90
	-45.72
	-32.30

	Mean throughput [Mbps]
	
	
	
	
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	
	
	
	
	

	95% user throughput [Mbps]
	29.17
	24.97
	27.74
	28.96
	22.99
	18.70
	20.25
	22.03
	15.80
	15.52

	95% user throughput gain [%]
	0.00
	-14.40
	-4.90
	-0.72
	-21.19
	0.00
	8.29
	17.81
	-15.51
	-17.01

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.
· Open loop power control with 
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Table D.2.1-3: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 5
	Case 1
	Case 3
	Case 5

	RU [%]
	[18.00]
	[19.00]
	[37.00]
	
	
	

	5% user throughput [Mbps]
	[0.74]
	[0.73]
	[0.60]
	
	
	

	5% user throughput gain [%]
	[0.00]
	[-1.48]
	[-19.68]
	
	
	

	50% user throughput [Mbps]
	[7.60]
	[6.97]
	[5.66]
	
	
	

	50% user throughput gain [%]
	[0.00]
	[-8.30]
	[-25.51]
	
	
	

	Mean throughput [Mbps]
	[9.38]
	[8.87]
	[7.70]
	
	
	

	Mean throughput gain [%]
	[0.00]
	[-5.41]
	[-17.94]
	
	
	

	95% user throughput [Mbps]
	[26.21]
	[24.67]
	[21.96]
	
	
	

	95% user throughput gain [%]
	[0.00]
	[-5.88]
	[-16.23]
	
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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D.2.2 Throughput results for aerial UEs

In this section, the uplink throughput results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from [2] sources are given in Tables D.2.2-1 and D.2.2-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 7.37% mean throughput loss, 6.19% fifty percentile throughput loss, and 24.28% five percentile throughput loss.

· Source 2 shows 67.63% fifty percentile throughput loss, and 71.38% five percentile throughput loss.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 16.85% mean throughput loss, 20.23% fifty percentile throughput loss, and 38.15% five percentile throughput loss.

· Source 2 shows 82.95% fifty percentile throughput loss, and 75.50% five percentile throughput loss.

Table D.2.2-1: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.97
	4.15

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	19.70
	19.59
	19.40
	51.97
	54.78
	58.05

	5% user throughput [Mbps]
	18.33
	16.02
	13.88
	12.93
	10.77
	8.00

	5% user throughput gain [%]
	0.00
	-12.64
	-24.28
	0.00
	-16.68
	-38.15

	50% user throughput [Mbps]
	22.32
	21.81
	20.94
	21.06
	19.21
	16.80

	50% user throughput gain [%]
	0.00
	-2.26
	-6.19
	0.00
	-8.81
	-20.23

	Mean throughput [Mbps]
	21.63
	20.85
	20.04
	19.82
	18.42
	16.48

	Mean throughput gain [%]
	0.00
	-3.63
	-7.37
	0.00
	-7.06
	-16.85

	95% user throughput [Mbps]
	23.16
	23.11
	23.04
	23.06
	22.94
	22.67

	95% user throughput gain [%]
	0.00
	-0.22
	-0.50
	0.00
	-0.54
	-1.69

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
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Table D.2.2-2: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	13.45
	7.97
	3.85
	9.31
	2.05
	1.47

	5% user throughput gain [%]
	0.00
	-40.74
	-71.38
	0.00
	-77.98
	-84.21

	50% user throughput [Mbps]
	31.45
	21.24
	10.18
	15.46
	8.79
	2.09

	50% user throughput gain [%]
	0.00
	-32.46
	-67.63
	0.00
	-43.14
	-86.48

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	31.70
	32.27
	23.76
	25.62
	29.06
	21.39

	95% user throughput gain [%]
	0.00
	1.80
	-25.05
	0.00
	13.43
	-16.51

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.

· Open loop power control with 
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Table D.2.2-3: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 5
	Case 3
	Case 5

	RU [%]
	[19.00]
	[37.00]
	
	

	5% user throughput [Mbps]
	[4.42]
	[0.55]
	
	

	5% user throughput gain [%]
	[0.00]
	[-87.50]
	
	

	50% user throughput [Mbps]
	[10.36]
	[1.38]
	
	

	50% user throughput gain [%]
	[0.00]
	[-86.71]
	
	

	Mean throughput [Mbps]
	[11.96]
	[2.30]
	
	

	Mean throughput gain [%]
	[0.00]
	[-80.77]
	
	

	95% user throughput [Mbps]
	[24.39]
	[7.72]
	
	

	95% user throughput gain [%]
	[0.00]
	[-68.32]
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
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D.2.3 Throughput results for all UEs

In this section, the uplink throughput results with baseline assumptions for all UEs are presented for UMa-AV.  The results from 2 source are given in Tables D.2.3-1 and D.2.3-2.
Table D.2.3-1: Uplink throughput results for all UEs with baseline assumptions for UMa-AV from Source 3 (Listed as Source 3 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.50
	3.90

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	26.78
	24.21
	63.93
	81.16

	5% user throughput [Mbps]
	1.00
	1.35
	0.00
	0.00

	5% user throughput gain [%]
	0.00
	35.00
	0.00
	-

	50% user throughput [Mbps]
	12.52
	10.92
	6.59
	2.04

	50% user throughput gain [%]
	0.00
	-12.78
	0.00
	-69.04

	Mean throughput [Mbps]
	13.02
	11.34
	8.17
	3.28

	Mean throughput gain [%]
	0.00
	-12.90
	0.00
	-59.85

	95% user throughput [Mbps]
	28.57
	23.22
	21.30
	10.81

	95% user throughput gain [%]
	0.00
	-18.73
	0.00
	-49.25

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.
· Open loop power control with 
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.
· Handover margin of 3dB assumed.


Table D.2.3-2: Uplink throughput results for all UEs with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 5
	Case 1
	Case 3
	Case 5

	RU [%]
	18.00
	19.00
	37.00
	
	
	

	5% user throughput [Mbps]
	0.74
	0.73
	0.60
	
	
	

	5% user throughput gain [%]
	0.00
	-83.44
	-86.50
	
	
	

	50% user throughput [Mbps]
	7.60
	6.97
	5.66
	
	
	

	50% user throughput gain [%]
	0.00
	-32.72
	-45.35
	
	
	

	Mean throughput [Mbps]
	9.38
	8.87
	7.70
	
	
	

	Mean throughput gain [%]
	0.00
	-25.80
	-35.63
	
	
	

	95% user throughput [Mbps]
	26.21
	24.67
	21.96
	
	
	

	95% user throughput gain [%]
	0.00
	1.18
	-9.94
	
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· Open loop power control with 
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D.3 UL IoT results with baseline assumptions
D.3.1 IoT results for terrestrial UEs

In this section, the uplink IoT results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.3.1-1 and D.3.1-2.  From these results, the following can be observed:
· The presence of aerial UEs increases the UL IoT of terrestrial UEs.

· Increasing the ratio of aerial UEs in general leads to increased UL IoT for terrestrial UEs:
· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 8.99dB fifty percentile UL IoT increase and 1.25dB five percentile effective IoT increase.

· Source 2 shows 2.22dB fifty percentile UL IoT increase and 0.36dB five percentile effective IoT increase.

· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 14.95dB fifty percentile UL IoT increase and 10.5dB five percentile effective IoT increase.

· Source 2 shows 3.80dB fifty percentile UL IoT increase and 1.36dB five percentile effective IoT increase.

Table D.3.1-1: Uplink terrestrial IoT results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 3 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.14
	0.08
	0.05
	0.28
	1.39
	1.65
	1.66
	1.68
	7.21
	12.15

	50 percentile IoT [dB]
	2.20
	2.10
	2.03
	4.92
	11.19
	5.36
	5.76
	6.58
	16.18
	20.31

	95 percentile IoT [dB]
	8.10
	8.41
	9.41
	17.22
	21.59
	10.13
	12.37
	18.78
	23.39
	26.33

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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Table D.3.1-2: Uplink terrestrial IoT results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 4 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.10
	0.10
	0.15
	0.29
	0.46
	0.50
	0.53
	0.76
	1.28
	1.86

	50 percentile IoT [dB]
	2.09
	2.09
	2.51
	3.44
	4.31
	5.42
	5.58
	6.31
	7.82
	9.22

	95 percentile IoT [dB]
	8.32
	8.41
	8.99
	9.54
	10.31
	11.92
	12.07
	12.38
	13.44
	14.41

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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D.3.2 IoT results for aerial UEs

In this section, the uplink IoT results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.3.2-1 and D.3.2-2.  From these results, the following can be observed:

· The presence of aerial UEs increases the UL IoT of other aerial UEs.

· Increasing the ratio of aerial UEs in general leads to increased UL IoT for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 8.64dB fifty percentile UL IoT increase and 1.17dB five percentile effective IoT increase.

· Source 2 shows 2.68dB fifty percentile UL IoT increase and 0.12dB five percentile effective IoT increase.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 12.81dB fifty percentile UL IoT increase and 10.24dB five percentile effective IoT increase.

· Source 2 shows 5.37dB fifty percentile UL IoT increase and 0.55dB five percentile effective IoT increase.

Table D.3.2-1: Uplink aerial IoT results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 3 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 3
Case 2
	Case 4
	Case 5
Case 5
	Case 3
Case 2
	Case 4
Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.01
	0.05
	1.18
	0.38
	4.29
	10.62

	50 percentile IoT [dB]
	1.84
	1.69
	10.48
	5.52
	14.56
	18.33

	95 percentile IoT [dB]
	12.25
	15.66
	21.03
	14.64
	22.99
	24.89

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.

· Open loop power control with 
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Table D.3.2-2: Uplink aerial IoT results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 4 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 3

Case 2
	Case 4
	Case 5

Case 5
	Case 3

Case 2
	Case 4

Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.02
	0.06
	0.14
	0.14
	0.33
	0.69

	50 percentile IoT [dB]
	0.66
	1.97
	3.34
	2.51
	5.53
	7.88

	95 percentile IoT [dB]
	7.38
	8.98
	10.00
	10.70
	12.27
	13.51

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
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Annex E:  Evaluation results with potential enhancements in Downlink
Editor’s note: This section will capture evaluation results with potential enhancements in DL.
E.1 Evaluation results for FD-MIMO

In this section, the downlink throughput results for all UEs with FD-MIMO are presented for UMa-AV.  The results from 1 source are given in Table E.1-1.  From these results, the following can be observed:

· Source 1 in their corresponding baseline results presented in Table D.1.3-1 showed that with an offered traffic per cell of 2.4 Mbps, the mean UE throughput in aerial UE ratio case 5 is decreased by 45.47% when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table E.2-1, Source 1 shows that with an offered traffic per cell of 5.1 Mbps, the mean UE throughput loss in aerial UE ratio case 5 can be limited to 11% when compared to aerial UE ratio case 1.
Table E.2-1: Downlink throughput results for all UEs with FD-MIMO for UMa-AV from Source 1 (R1-1717351 [17])
	Offered Traffic Per Cell [Mbps]
	5.10
	7.8

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	26.04
	26.22
	40.5
	51.64

	5% user throughput [Mbps]
	5.69
	6.12
	3.64
	2.63

	5% user throughput gain [%]
	0
	8
	0
	-28

	50% user throughput [Mbps]
	30.19
	24.61
	22.54
	13.5

	50% user throughput gain [%]
	0
	-18
	0
	-40

	Mean throughput [Mbps]
	30.24
	27.05
	24.29
	17.79

	Mean throughput gain [%]
	0
	-11
	0
	-27

	95% user throughput [Mbps]
	55.48
	55.41
	51.19
	46.04

	95% user throughput gain [%]
	0
	0
	0
	-10

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Handover margin of 3dB assumed.

· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 16 Tx is assumed for evaluations.


Annex F:  Evaluation results with potential enhancements in Uplink
Editor’s note: This section will capture evaluation results with potential enhancements in UL.
F.1 Evaluation results for power control based mechanisms
F.1.1 Results on UE specific fractional pathloss compensation factor
In this section, the uplink throughput results with UE specific fractional pathloss compensation factor are presented for UMa-AV.  The results from 1 source are given in Tables F.1.1-1.  From these results, the following can be observed:

· Source 1 shows that in the uplink of UMa-AV in aerial UE ratio case 5, compared to the case where the same 
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) is used for both aerial UEs and terrestrial UEs, the following throughput improvements can observed in the case where 
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· 93.96% five percentile uplink UE throughput gain for terrestrial UEs
· 42.48% fifty percentile uplink UE throughput gain for terrestrial UE
· Source 1 shows that ninety-five percentile aerial UE uplink throughput is decreased by 82.51% and equals 3.74 Mbps, which is much lower than the ninety-five percentile terrestrial UE uplink throughput of 19.88 Mbps
Table F.1.1-1: Uplink throughput results with UE specific fractional pathloss compensation factor for UMa-AV from Source 1 (Listed as Source 1 in R1-1719031 [16])
	UE Type
	Terrestrial UEs
	Aerial UEs

	
	Baseline
	UE specific 
[image: image100.wmf]a

 combination 1
	UE specific 
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 combination 2
	Baseline
	UE specific 
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 combination 1
	UE specific 
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 combination 2

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	1.49
	1.26
	2.89
	1.47
	1.26
	1.53

	5% user throughput gain [%]
	0.00
	-15.44
	93.96
	0.00
	-14.29
	4.08

	50% user throughput [Mbps]
	4.59
	3.64
	6.54
	2.09
	2.04
	2.18

	50% user throughput gain [%]
	0.00
	-20.70
	42.48
	0.00
	-2.39
	4.31

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	15.52
	19.53
	19.88
	21.39
	4.92
	3.74

	95% user throughput gain [%]
	0.00
	25.84
	28.09
	0.00
	-77.00
	-82.52

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used for aerial UEs.
· For baseline, aerial UE ratio case 5 is assumed with 
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· For UE specific 
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· For UE specific 
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F.1.2 Results on UE specific P0 parameter
In this section, the uplink throughput results with UE specific P0 parameter are presented for UMa-AV.  The results from 1 source are given in Tables F.1.2-1 and F.1.2-2.  From these results, the following can be observed:

· Source 2 shows that configuring a lower P0 for aerial UEs improves terrestrial uplink UE throughput performance at the cost of aerial uplink UE throughput
· In aerial UE ratio case 5, with 
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 is used for all UEs to UE specific P0 combination 3 (where 
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 is used for aerial UEs), it is observed that
· mean terrestrial UE uplink throughput is improved by 13.44%.
· mean aerial UE uplink throughput is decreased by 18.11%
· with UE specific P0 combination 3, mean aerial UE uplink throughput is 15.02 Mbps, which is still higher than the mean terrestrial UE uplink throughput of [9.03 Mbps]
Table F.1.2-1: Uplink terrestrial throughput results with UE specific P0 for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	3.77

	
	Baseline
	UE specific P0 combination 1
	UE specific P0 combination 2
	UE specific P0 combination 3
	UE specific P0 combination 4
	UE specific P0 combination 5

	RU [%]
	50.00
	48.59
	46.91
	44.97
	45.45
	45.44

	5% user throughput [Mbps]
	0.76
	0.82
	0.88
	0.99
	0.98
	1.02

	5% user throughput gain [%]
	0.00
	7.89
	15.79
	30.26
	28.95
	34.21

	50% user throughput [Mbps]
	7.14
	7.45
	7.92
	8.38
	8.40
	8.75

	50% user throughput gain [%]
	0.00
	4.34
	10.92
	17.37
	17.65
	22.55

	Mean throughput [Mbps]
	7.96
	8.24
	8.64
	9.03
	9.03
	9.27

	Mean throughput gain [%]
	0.00
	3.52
	8.54
	13.44
	13.44
	16.46

	95% user throughput [Mbps]
	18.44
	18.72
	19.54
	19.66
	19.64
	20.10

	95% user throughput gain [%]
	0.00
	1.52
	5.97
	6.62
	6.51
	9.00

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading is modelled.
· For baseline, aerial UE ratio case 5 is assumed 
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· For UE specific P0 combination 1, 
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· For UE specific P0 combination 2, 
[image: image123.wmf]dBm

P

0

85

-

=

 for terrestrial UEs and 
[image: image124.wmf]dBm

P

0

87

-

=

 for aerial UEs.  
[image: image125.wmf]8

.

0

=

a

 for all UEs.
· For UE specific P0 combination 3, 
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· For UE specific P0 combination 4, 
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· For UE specific P0 combination 1, 
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Table F.1.2-2: Uplink aerial throughput results with UE specific P0 for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	3.77

	
	Baseline
	UE specific P0 combination 1
	UE specific P0 combination 2
	UE specific P0 combination 3
	UE specific P0 combination 4
	UE specific P0 combination 5

	RU [%]
	50
	48.59
	46.91
	44.97
	45.45
	45.44

	5% user throughput [Mbps]
	8.81
	8.53
	7.91
	7.38
	6.74
	5.88

	5% user throughput gain [%]
	0.00
	-3.18
	-10.22
	-16.23
	-23.50
	-33.26

	50% user throughput [Mbps]
	17.66
	17.34
	16.12
	15.48
	14.45
	13.00

	50% user throughput gain [%]
	0.00
	-1.81
	-8.72
	-12.34
	-18.18
	-26.39

	Mean throughput [Mbps]
	17.12
	16.68
	15.70
	15.02
	14.02
	12.72

	Mean throughput gain [%]
	0.00
	-2.57
	-8.29
	-12.27
	-18.11
	-25.70

	95% user throughput [Mbps]
	22.72
	22.28
	21.48
	20.70
	19.73
	18.19

	95% user throughput gain [%]
	0.00
	-1.94
	-5.46
	-8.89
	-13.16
	-19.94

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· For baseline, aerial UE ratio case 5 is assumed 
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· For UE specific P0 combination 1, 
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· For UE specific P0 combination 2, 
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· For UE specific P0 combination 3, 
[image: image143.wmf]dBm

P

0

85

-

=

 for terrestrial UEs and 
[image: image144.wmf]dBm

P

0

88

-

=

 for aerial UEs.  
[image: image145.wmf]8

.

0

=

a

 for all UEs.
· For UE specific P0 combination 4, 
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· For UE specific P0 combination 1, 
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F.1.3 Results on closed loop power control
In this section, the uplink throughput results with closed loop power control are presented for UMa-AV.  The results from 1 source are given in Table F.1.3-1.  From these results, the following can be observed:

· Source 2 shows that using closed loop power control solution, the uplink UE throughput performance can be further improved
· In aerial UE ratio case 5, with 
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 is used for all UEs to the case where closed loop power control (with a target received power of -94dBm for terrestrial UEs), it is observed that
· mean terrestrial UE uplink throughput is improved by 39.22% and the five percentile terrestrial UE uplink throughput is decreased by 24%.
· with closed loop power control, mean aerial UE uplink throughput is increased by 6.33% and equals to 18.20Mbps.
Table F.1.3-1: Uplink throughput results with closed loop power control for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	UE Type
	Terrestrial UEs
	Aerial UEs

	Aerial UE Ratio Case
	Baseline
	Closed loop power control
	Baseline
	Closed loop power control

	RU [%]
	50.00
	50.11
	50
	50.11

	5% user throughput [Mbps]
	0.76
	0.58
	8.81
	10.04

	5% user throughput gain [%]
	0.00
	-24.34
	0.00
	13.98

	50% user throughput [Mbps]
	7.14
	11.11
	17.66
	18.96

	50% user throughput gain [%]
	0.00
	55.61
	0.00
	7.39

	Mean throughput [Mbps]
	7.96
	11.08
	17.12
	18.20

	Mean throughput gain [%]
	0.00
	39.22
	0.00
	6.33

	95% user throughput [Mbps]
	18.44
	23.19
	22.72
	23.27

	95% user throughput gain [%]
	0.00
	25.75
	0.00
	2.40

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· For baseline, aerial UE ratio case 5 is assumed 
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 for all UEs.
· For closed loop power control, a target received power of -94 dBm is assumed for terrestrial UEs.


F.2 Evaluation results for FD-MIMO
In this section, the uplink throughput results for all UEs with FD-MIMO are presented for UMa-AV.  The results from 1 source are given in Table F.2-1.  From these results, the following can be observed:

· Source 1 in their corresponding baseline results presented in Table D.2.3-1 showed that with an offered traffic per cell of 1.5 Mbps, the mean UE throughput in aerial UE ratio case 5 is decreased by 12.90% when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table F.2-1, Source 1 show that with an offered traffic per cell of 5.4 Mbps, the mean UE throughput in aerial UE ratio case 5 is improved by 14% when compared to aerial UE ratio case 1.
Table F.2-1: Uplink throughput results for all UEs with FD-MIMO for UMa-AV from Source 1 (Listed as Source 1 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	5.40
	7.8

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	25.75
	26.76
	37.39
	40.91

	5% user throughput [Mbps]
	1.66
	1.78
	1.52
	1.39

	5% user throughput gain [%]
	0
	7
	0
	-9

	50% user throughput [Mbps]
	13.93
	21.3
	12.6
	16.57

	50% user throughput gain [%]
	0
	53
	0
	32

	Mean throughput [Mbps]
	16.64
	18.91
	15.05
	15.85

	Mean throughput gain [%]
	0
	14
	0
	5

	95% user throughput [Mbps]
	36.89
	36
	34.11
	32.03

	95% user throughput gain [%]
	0
	-2
	0
	-6

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Handover margin of 3dB assumed.
· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 16 Rx is assumed for evaluations.


Annex G:  Evaluation results on reliability
Editor’s note: This section will capture evaluation results on reliability of command and control traffic.
In this section, the reliability results for command and control traffic are presented in UMa-AV.  The results from 1 source are given in Table G-1.  From these results, the following can be observed:
· Under the same aerial command and control traffic load in the downlink and without further interference mitigation techniques except using dedicated radio resources, Source 1 shows that in aerial UE ratio case 5
· Using 6 PRBs to serve the aerial traffic cannot provide greater than 90% reliability at the height of 1.5 m, 30 m, 50 m, 100 m, or 300 m
· Using 15 PRBs to serve the aerial traffic can provide [99%] reliability at the height of 1.5 m, 30 m, 50 m, or 100 m
· To achieve the same reliability performance with the same number of PRBs for aerial command and control traffic, resource utilization is generally higher at a higher height
· In aerial UE ratio case 5, without further interference mitigation except using dedicated radio resources, Source 1 shows that to achieve 99% reliability requirement with 15 dedicated PRBs for aerial traffic, resource utilization at 30 m height is 11.26% and at 100 m height is 29.77%
Table G-1: Reliability results for command and control traffic for aerial UEs in UMa-AV from Source 1 (R1-1717874 [18])
	Number of PRBs used to serve C&C traffic
	Height (m)
	1.5
	30
	50
	100
	300

	6
	Reliability (%)
	86.81
	76.66
	16.85
	8.49
	4.22

	
	RU (%)
	40.91
	56.71
	89.92
	94.97
	96.23

	15
	Reliability (%)
	98.86
	99.79
	99.64
	99.15
	91.91

	
	RU (%)
	11.05
	11.26
	22.54
	29.77
	47.27

	25
	Reliability (%)
	99.35
	99.91
	99.98
	99.89
	99.9

	
	RU (%)
	6.21
	5.36
	7.51
	8.98
	11.43

	50
	Reliability (%)
	99.62
	99.95
	99.98
	99.99
	99.99

	
	RU (%)
	2.74
	2.41
	2.65
	2.78
	2.92

	Note 1: Aerial UE ratio case 5 is assumed in the evaluations.
Note 2: The requirement on reliability is 99.9% which is achieved with 25 PRBs case for heights of 30m, 50m, 100m, and 300m.
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