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Introduction
This contribution provides a text proposal for uplink interference mitigation, which is proposed to be incorporated in the TR 36.777 for Study on Enhanced LTE Support for Aerial Vehicles. 
Proposal:  Incorporate the following text proposal in the TR for Study on Enhanced LTE Support for Aerial Vehicles (3GPP TR36.777).
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7.3 Potential enhancements for uplink interference mitigation

7.3.1 Power control-based mechanisms
The following power control-based mechanisms were studied for uplink interference mitigation:

7.3.1.1 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.  From these results, it is observed that with the aerial UE ratio fixed at 50% in UMa-AV scenario, 
· applying different fractional path loss compensation factors for aerial UEs and terrestrial UEs can result in significant UE packet throughput gains for terrestrial UEs (46.87-93.96% five percentile throughput gain and 27.04-42.48% fifty percentile throughput gain) and significant UE packet throughput losses for aerial UEs (53.20% five percentile throughput loss and 42.48% fifty percentile throughput loss).
· applying height dependent fractional pathloss compensation factors for aerial UEs can result in significant UE packet throughput gains for terrestrial UEs (74.6% five percentile throughput gain and 54.1% fifty percentile throughput gain) and notable UE packet throughput gains for aerial UEs (17.7% five percentile uplink UE throughput gain and 38.3% fifty percentile throughput gain).
7.3.1.2 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.  From these results, it is shown that configuring a lower 
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 for aerial UEs improves terrestrial uplink UE throughput performance at the cost of aerial uplink UE throughput.
In addition, UE specific fractional pathloss compensation factor 
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 and UE specific 
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 can be jointly used for uplink interference mitigation. The evaluation results for this joint solution are given in Section F.1.2.  From these results, it is shown that joint UE specific fractional pathloss compensation factor 
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 and UE specific 
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 can improve uplink throughput of terrestrial UEs at the cost of degraded uplink throughput of aerial UEs.
7.3.1.3 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: image12.wmf]c
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The evaluation results for this solution are given in Section F.1.3.  From these results, it is observed that with the aerial UE ratio fixed at 50% in UMa-AV scenario, applying closed loop power control can result in a mean terrestrial UE uplink throughput improvement of 39.22% and a mean aerial UE uplink throughput of 6.33%.
7.3.2 FD-MIMO
In this solution, FD-MIMO with multiple antennas at the eNB receiver are used to mitigate the interference in the uplink.  Since FD-MIMO is supported in LTE since release 13, enhancements are not needed for this solution.
The evaluation results for this solution are given in Section F.2.  From these results, it is observed that when the aerial UE ratio is increased from 0% to 50% in UMa-AV scenario, FD-MIMO can limit the mean terrestrial UE packet throughput loss to 2%.  When FD-MIMO is not used, the corresponding mean terrestrial UE packet throughput loss is 12%.  It is also observed that with FD-MIMO and a per-cell offered traffic of 6.8 Mbps, a five-percentile aerial UE packet throughput of 19.04 Mbps can be achieved when the aerial UE ratio is 50%.

7.3.3 Directional antennas at UE
In this solution, directional UE antennas are used to reduce uplink interference generated by the aerial UEs by decreasing the uplink signal power from an aerial UE in broad range of angles.  The following types of capabilities in terms of tracking the LoS direction between an aerial UE and the serving cell are considered:

1. Direction of Travel (DoT):  the aerial UE is not aware of the serving cell LoS direction and the antenna direction of the aerial UE is aligned with DoT. 

2. Ideal LoS: the aerial UE perfectly tracks the serving cell LoS direction and steers the antenna boresight towards the serving cell.

3. Non-ideal LoS: the aerial UE tracks the serving cell LoS direction, but with errors due to practical constraints.

Since the use of directional antenna is up to the implementation at aerial UEs, enhancements are not needed for this solution.  Depending on the capability of tracking the LoS direction between the aerial UE and the serving cell, UE can align the antenna direction with the LoS direction and amplify power of the useful signal. 
The evaluation results for this solution are given in Section F.3.  From these results, it is observed that when the aerial UE ratio is increased from 0% to 50% in UMa-AV scenario, using directional antennas with 65˚ HPBW and with DoT antenna alignment at the aerial UEs can limit the mean terrestrial UE packet throughput loss to 6% at high offered traffic load.  When omni-directional antennas are used at the aerial UEs, the corresponding mean terrestrial UE packet throughput loss is 53%.  It is also observed that with directional antennas at the aerial UEs, the mean aerial UE packet throughput can be improved by over 61% at high offered traffic load.  The results in Section F.3 also show that the performance of the aerial UEs depends on the capability and accuracy of LoS direction tracking.
/************************ Unchanged parts omitted**************************/

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.  Two different types of simulations were performed:

1. the same fractional path loss compensation factor is configured for all aerial UEs independent of their height

2. height dependent fractional pathloss compensation factor for aerial UEs
The results for the first type are given in Tables F.1.1-1 to F.1.1-3.  From these results, the following can be observed when all aerial UEs are configured with the same fractional pathloss compensation factor:
· 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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 is used for terrestrial UEs and 
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 is used for aerial UEs

· 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
· Source 2 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 performance can observed in the case where 
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 is used for aerial UEs

· 46.87% five percentile uplink UE throughput gain and 27.04% fifty percentile uplink UE throughput gain for terrestrial UEs when the offered traffic per cell is 3.77 Mbps.

· 53.20% five percentile uplink UE throughput loss and 42.25% fifty percentile uplink UE throughput loss for aerial UEs when the offered traffic per cell is 3.77 Mbps.
The results with height dependent fractional pathloss compensation factors for aerial UEs are given in Table F.1.1-4.  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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 is used for terrestrial UEs and aerial UEs below 100m, and 
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 is used for aerial UEs above 100m
· 74.6% five percentile uplink UE throughput gain and 54.1% fifty percentile uplink UE throughput gain for terrestrial UEs 

· 17.7% five percentile uplink UE throughput gain and 38.3% fifty percentile uplink UE throughput gain for aerial UEs
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 
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 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

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	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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Table F.1.1-2: Uplink terrestrial throughput results with UE specific fractional pathloss compensation factor for UMa-AV from Source 2 (R1-1720860 [C28])

	Offered Traffic Per Cell [Mbps]
	2.02
	3.77

	Aerial UE Ratio Case
	Case 5
	Case 5

	UE specific alpha combination
	1
	2
	3
	4
	1
	2
	3
	4

	RU [%]
	20
	
	
	
	50
	
	
	

	5% user throughput [Mbps]
	1.77
	2.12
	0.19
	0.18
	0.76
	1.12
	0.00
	0.00

	5% user throughput gain [%]
	0.00
	19.54
	-89.03
	-89.80
	0.00
	46.87
	-100.00
	-100.00

	50% user throughput [Mbps]
	11.84
	12.98
	2.61
	2.85
	7.14
	9.07
	0.07
	0.09

	50% user throughput gain [%]
	0.00
	9.59
	-77.92
	-75.91
	0.00
	27.04
	-99.05
	-98.78

	Mean throughput [Mbps]
	11.65
	12.52
	3.50
	3.69
	7.96
	9.57
	0.26
	0.45

	Mean throughput gain [%]
	0.00
	7.49
	-69.94
	-68.32
	0.00
	20.23
	-96.72
	-94.34

	95% user throughput [Mbps]
	21.22
	21.71
	9.76
	10.10
	18.44
	20.14
	0.93
	2.42

	95% user throughput gain [%]
	0.00
	2.29
	-54.00
	-52.41
	0.00
	9.24
	-94.96
	-86.86

	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.
· For all UEs, 
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· For UE specific 
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· For UE specific 
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· For UE specific 
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· For UE specific 
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Table F.1.1-3: Uplink aerial throughput results with UE specific fractional pathloss compensation factor for UMa-AV from Source 2 (R1-1720860 [C28])

	Offered Traffic Per Cell [Mbps]
	2.02
	3.77

	Aerial UE Ratio Case
	Case 5
	Case 5

	UE specific alpha combination
	1
	2
	3
	4
	1
	2
	3
	4

	RU [%]
	20
	
	
	
	50
	
	
	

	5% user throughput [Mbps]
	13.79
	6.46
	6.46
	1.64
	8.81
	4.12
	0.00
	0.00

	5% user throughput gain [%]
	0.00
	-53.16
	-53.16
	-88.11
	0.00
	-53.20
	-100.00
	-100.00

	50% user throughput [Mbps]
	20.91
	12.35
	12.40
	4.57
	17.66
	10.20
	9.94
	2.59

	50% user throughput gain [%]
	0.00
	-40.94
	-40.70
	-78.14
	0.00
	-42.25
	-43.70
	-85.34

	Mean throughput [Mbps]
	20.01
	12.21
	12.23
	4.73
	17.12
	10.08
	8.40
	2.82

	Mean throughput gain [%]
	0.00
	-38.99
	-38.90
	-76.38
	0.00
	-41.11
	-50.94
	-83.54

	95% user throughput [Mbps]
	23.04
	16.95
	17.01
	8.29
	22.72
	15.80
	15.88
	7.19

	95% user throughput gain [%]
	0.00
	-26.43
	-26.19
	-64.00
	0.00
	-30.45
	-30.11
	-68.33

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

· Fast fading in Section B.1.1 is used for aerial UEs.
· For all UEs, 
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· For UE specific 
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· For UE specific 
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· For UE specific 
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Table F.1.1-4: Uplink throughput results with height dependent UE specific fractional pathloss compensation factor for UMa-AV from Source 1 (R1-1720570 [C26])
	UE Type
	Terrestrial UEs
	Aerial UEs

	
	Baseline
	UE specific 
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 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]
	0.7
	1.3
	1.3
	2
	2.4
	2.1

	5% user throughput gain [%]
	0.0
	74.6
	74.2
	0.0
	17.7
	4.5

	50% user throughput [Mbps]
	3.4
	5.3
	8
	7.6
	10.5
	8

	50% user throughput gain [%]
	0.0
	54.1
	132
	0.0
	38.3
	5.4

	95% user throughput [Mbps]
	10.9
	21.6
	21.5
	21.2
	26.3
	20.3

	95% user throughput gain [%]
	0.0
	98.6
	97.9
	0.0
	24.1
	-4.2

	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 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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[image: image85.wmf]dBm

P

0

88

-

=

 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
The uplink throughput results with joint UE specific fractional pathloss compensation factor 
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 are presented for UMa-AV, RMa-AV, and UMi-AV in Tables F.1.2-3 to F.1.2-8.  From these results, the following can be observed:

· With the same P0 and fractional pathloss compensation factor for all aerial UEs, Source 3 shows that both UE specific P0 and UE specific fractional pathloss compensation factor can improve uplink throughput of terrestrial UEs at the cost of degraded uplink throughput of aerial UEs
· Source 3 shows that UE specific P0 and fractional pathloss compensation factor provides a mechanism to handle UL interference from aerial UEs which is more robust to various deployment scenarios and traffic loads.

· 
· Source 3 shows that the appropriate P0 adjustment range for UE specific P0 and fractional pathloss compensation factor may be beyond the supported range in Rel-8 (-8 dB and +7 dB)
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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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 3, 
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· For UE specific P0 combination 4, 
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[image: image119.wmf]dBm

P

0

85

-

=

 for terrestrial UEs and 
[image: image120.wmf]dBm

P

0

90

-

=

 for aerial UEs.  
[image: image121.wmf]8

.

0

=

a

 for all UEs.


Table F.1.2-3: Uplink throughput results with joint UE specific P0 and UE specific 
[image: image122.wmf]a

 for UMa-AV from Source 3 (R1-1720784 [C27]): Low load
	Low Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	18%
	12.41
	5.35
	11.49
	22.19
	7.31
	0.64
	4.40
	22.19

	Case 3
	alpha = 0.8
P0 = -86
	18%
	10.14
	4.13
	9.49
	18.16
	7.43
	0.65
	4.71
	23.17

	
	
	
	-18.3%
	-22.8%
	-17.4%
	-18.2%
	1.7%
	1.6%
	7.2%
	4.4%

	Case 3
	alpha = 0.8
P0 = -89
	19%
	7.55
	3.16
	6.91
	13.94
	7.62
	0.66
	4.93
	23.43

	
	
	
	-39.2%
	-41.0%
	-39.9%
	-37.2%
	4.2%
	3.3%
	12.2%
	5.6%

	Case 3
	alpha = 1
P0 = -100
	19%
	13.76
	5.87
	12.60
	26.21
	7.25
	0.64
	4.70
	22.55

	
	
	
	10.9%
	9.7%
	9.6%
	18.1%
	-0.7%
	-0.2%
	6.8%
	1.6%

	Case 3
	alpha = 1
P0 = -105
	18%
	10.16
	4.91
	9.12
	18.89
	7.36
	0.64
	4.59
	22.67

	
	
	
	-18.1%
	-8.2%
	-20.7%
	-14.9%
	0.8%
	0.1%
	4.5%
	2.2%

	Case 3
	alpha = 1
P0 = -110
	19%
	6.47
	2.84
	6.03
	11.34
	7.53
	0.65
	4.82
	22.92

	
	
	
	-47.9%
	-46.8%
	-47.6%
	-48.9%
	3.0%
	1.5%
	9.5%
	3.3%

	

	Case 5
	alpha = 0.8
P0 = -83
	25%
	8.41
	3.05
	7.33
	17.55
	5.96
	0.60
	4.15
	16.91

	Case 5
	alpha = 0.8
P0 = -86
	25%
	7.09
	2.89
	6.18
	14.17
	6.03
	0.59
	4.20
	18.89

	
	
	
	-15.6%
	-5.4%
	-15.8%
	-19.3%
	1.1%
	-1.3%
	1.1%
	11.7%

	Case 5
	alpha = 0.8
P0 = -89
	25%
	5.77
	2.30
	5.12
	11.52
	6.48
	0.60
	4.25
	19.88

	
	
	
	-31.3%
	-24.6%
	-30.2%
	-34.3%
	8.7%
	-0.1%
	2.4%
	17.5%

	Case 5
	alpha = 1
P0 = -100
	26%
	8.76
	3.37
	7.65
	17.92
	5.14
	0.58
	3.45
	15.36

	
	
	
	4.2%
	10.4%
	4.4%
	2.1%
	-13.8%
	-3.1%
	-16.8%
	-9.2%

	Case 5
	alpha = 1
P0 = -105
	25%
	7.01
	2.72
	6.26
	13.75
	5.73
	0.58
	3.68
	18.00

	
	
	
	-16.6%
	-11.0%
	-14.6%
	-21.6%
	-3.9%
	-2.0%
	-11.2%
	6.4%

	Case 5
	alpha = 1
P0 = -110
	24%
	5.10
	2.14
	4.67
	9.51
	6.83
	0.60
	4.64
	20.66

	
	
	
	-39.3%
	-29.8%
	-36.4%
	-45.8%
	14.5%
	0.3%
	11.8%
	22.2%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


Table F.1.2-4: Uplink throughput results with joint UE specific P0 and UE specific 
[image: image123.wmf]a

 for UMa-AV from Source 3 (R1-1720784 [C27]): High load

	High Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	47%
	5.81
	2.00
	4.95
	12.95
	3.99
	0.55
	2.82
	11.59

	Case 3
	alpha = 0.8
P0 = -86
	46%
	5.07
	2.08
	4.32
	10.78
	4.41
	0.55
	3.11
	13.11

	
	
	
	-12.8%
	4.0%
	-12.8%
	-16.7%
	10.6%
	1.5%
	10.5%
	13.1%

	Case 3
	alpha = 0.8
P0 = -89
	44%
	3.59
	1.26
	3.14
	7.48
	4.51
	0.55
	3.09
	13.57

	
	
	
	-38.2%
	-36.8%
	-36.6%
	-42.2%
	13.1%
	1.1%
	9.8%
	17.2%

	Case 3
	alpha = 1
P0 = -100
	45%
	6.88
	2.45
	5.75
	15.95
	3.89
	0.54
	2.63
	11.65

	
	
	
	18.3%
	23.0%
	16.3%
	23.2%
	-2.5%
	-1.3%
	-6.5%
	0.6%

	Case 3
	alpha = 1
P0 = -105
	42%
	4.88
	1.86
	4.20
	10.16
	4.32
	0.56
	2.99
	12.75

	
	
	
	-16.0%
	-7.0%
	-15.0%
	-21.5%
	8.4%
	1.9%
	6.4%
	10.0%

	Case 3
	alpha = 1
P0 = -110
	44%
	3.28
	1.24
	2.77
	6.91
	4.65
	0.56
	3.25
	13.94

	
	
	
	-43.6%
	-37.8%
	-44.0%
	-46.6%
	16.6%
	2.5%
	15.6%
	20.3%

	

	Case 5
	alpha = 0.8
P0 = -83
	69%
	2.25
	0.63
	1.80
	5.50
	2.05
	0.43
	1.39
	5.94

	Case 5
	alpha = 0.8
P0 = -86
	69%
	2.08
	0.56
	1.68
	5.07
	2.51
	0.44
	1.67
	7.54

	
	
	
	-7.6%
	-11.9%
	-6.8%
	-7.8%
	22.4%
	3.9%
	19.9%
	27.0%

	Case 5
	alpha = 0.8
P0 = -89
	67%
	1.90
	0.56
	1.52
	4.45
	2.92
	0.50
	1.95
	8.87

	
	
	
	-15.7%
	-11.2%
	-15.6%
	-19.0%
	42.6%
	16.9%
	40.6%
	49.3%

	Case 5
	alpha = 1
P0 = -100
	71%
	2.31
	0.66
	1.85
	5.50
	1.75
	0.43
	1.20
	4.90

	
	
	
	2.5%
	3.8%
	2.8%
	0.0%
	-14.5%
	2.1%
	-13.8%
	-17.5%

	Case 5
	alpha = 1
P0 = -105
	70%
	2.01
	0.59
	1.65
	4.76
	2.29
	0.45
	1.56
	6.56

	
	
	
	-11.0%
	-6.5%
	-8.2%
	-13.4%
	11.7%
	6.5%
	12.4%
	10.5%

	Case 5
	alpha = 1
P0 = -110
	68%
	1.68
	0.52
	1.38
	3.87
	3.22
	0.53
	2.09
	9.80

	
	
	
	-25.4%
	-18.6%
	-23.5%
	-29.5%
	57.3%
	25.6%
	50.7%
	65.0%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


Table F.1.2-5: Uplink throughput results with joint UE specific P0 and UE specific 
[image: image124.wmf]a

 for RMa-AV from Source 3 (R1-1720784 [C27]): Low load

	Low Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	17%
	18.52
	6.49
	18.24
	31.54
	20.16
	5.98
	18.81
	36.16

	Case 3
	alpha = 0.8
P0 = -86
	17%
	15.28
	6.33
	14.51
	26.72
	20.84
	6.18
	19.78
	36.79

	
	
	
	-17.5%
	-2.6%
	-20.4%
	-15.3%
	3.4%
	3.2%
	5.2%
	1.8%

	Case 3
	alpha = 0.8
P0 = -89
	17%
	12.32
	5.25
	11.62
	21.29
	21.19
	6.86
	19.97
	36.79

	
	
	
	-33.5%
	-19.1%
	-36.3%
	-32.5%
	5.1%
	14.7%
	6.2%
	1.8%

	Case 3
	alpha = 1
P0 = -100
	17%
	18.00
	6.83
	17.48
	30.84
	19.92
	5.68
	18.56
	35.55

	
	
	
	-2.8%
	5.2%
	-4.2%
	-2.2%
	-1.2%
	-5.1%
	-1.3%
	-1.7%

	Case 3
	alpha = 1
P0 = -105
	17%
	14.13
	5.42
	13.40
	24.82
	20.90
	6.38
	20.07
	36.79

	
	
	
	-23.7%
	-16.5%
	-26.5%
	-21.3%
	3.7%
	6.7%
	6.7%
	1.8%

	Case 3
	alpha = 1
P0 = -110
	18%
	9.30
	4.23
	8.81
	15.59
	21.44
	6.92
	20.46
	36.79

	
	
	
	-49.8%
	-34.8%
	-51.7%
	-50.6%
	6.3%
	15.7%
	8.8%
	1.8%

	

	Case 5
	alpha = 0.8
P0 = -83
	34%
	9.11
	2.99
	7.81
	20.07
	9.56
	2.18
	7.91
	22.43

	Case 5
	alpha = 0.8
P0 = -86
	33%
	8.57
	3.00
	7.53
	17.85
	12.01
	2.92
	10.51
	26.55

	
	
	
	-5.9%
	0.3%
	-3.6%
	-11.1%
	25.6%
	34.3%
	32.8%
	18.4%

	Case 5
	alpha = 0.8
P0 = -89
	29%
	7.33
	2.53
	6.49
	14.98
	13.86
	3.68
	12.56
	28.73

	
	
	
	-19.6%
	-15.4%
	-16.9%
	-25.4%
	45.0%
	69.3%
	58.7%
	28.1%

	Case 5
	alpha = 1
P0 = -100
	36%
	8.71
	2.88
	7.36
	19.24
	8.64
	1.81
	6.84
	21.29

	
	
	
	-4.4%
	-3.6%
	-5.8%
	-4.1%
	-9.6%
	-16.6%
	-13.5%
	-5.1%

	Case 5
	alpha = 1
P0 = -105
	31%
	7.44
	2.65
	6.61
	15.25
	12.04
	2.99
	10.54
	26.21

	
	
	
	-18.4%
	-11.3%
	-15.4%
	-24.0%
	26.0%
	37.5%
	33.2%
	16.9%

	Case 5
	alpha = 1
P0 = -110
	29%
	5.85
	2.30
	5.28
	11.22
	15.52
	4.08
	14.41
	31.54

	
	
	
	-35.8%
	-22.9%
	-32.5%
	-44.1%
	62.4%
	87.5%
	82.1%
	40.6%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


Table F.1.2-6: Uplink throughput results with joint UE specific P0 and UE specific 
[image: image125.wmf]a

 for RMa-AV from Source 3 (R1-1720784 [C27]): High load

	High Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	42%
	11.85
	3.52
	10.03
	26.21
	12.94
	2.99
	10.78
	31.07

	Case 3
	alpha = 0.8
P0 = -86
	46%
	10.47
	3.38
	9.04
	21.96
	13.77
	3.45
	11.72
	31.78

	
	
	
	-11.6%
	-4.0%
	-9.9%
	-16.2%
	6.5%
	15.7%
	8.7%
	2.3%

	Case 3
	alpha = 0.8
P0 = -89
	42%
	8.45
	3.02
	7.46
	17.40
	14.74
	3.88
	12.79
	33.03

	
	
	
	-28.7%
	-14.1%
	-25.6%
	-33.6%
	13.9%
	30.0%
	18.6%
	6.3%

	Case 3
	alpha = 1
P0 = -100
	42%
	12.87
	3.69
	11.19
	27.59
	12.82
	2.88
	10.49
	31.07

	
	
	
	8.6%
	4.7%
	11.5%
	5.3%
	-0.9%
	-3.5%
	-2.7%
	0.0%

	Case 3
	alpha = 1
P0 = -105
	40%
	9.71
	3.45
	8.39
	19.88
	14.42
	3.63
	12.41
	32.77

	
	
	
	-18.0%
	-1.9%
	-16.4%
	-24.2%
	11.4%
	21.7%
	15.1%
	5.5%

	Case 3
	alpha = 1
P0 = -110
	37%
	6.06
	2.27
	5.53
	12.02
	15.47
	4.02
	13.66
	33.83

	
	
	
	-48.8%
	-35.5%
	-44.9%
	-54.2%
	19.6%
	34.7%
	26.7%
	8.9%

	

	Case 5
	alpha = 0.8
P0 = -83
	71%
	2.88
	0.61
	2.20
	7.53
	2.84
	0.53
	1.93
	8.59

	Case 5
	alpha = 0.8
P0 = -86
	68%
	2.80
	0.62
	2.21
	7.04
	4.06
	0.70
	2.91
	11.40

	
	
	
	-2.6%
	1.5%
	0.3%
	-6.5%
	42.7%
	31.6%
	51.0%
	32.6%

	Case 5
	alpha = 0.8
P0 = -89
	67%
	2.63
	0.65
	2.14
	6.17
	5.60
	0.93
	4.21
	15.20

	
	
	
	-8.6%
	6.6%
	-2.8%
	-18.1%
	97.1%
	75.4%
	118.6%
	76.8%

	Case 5
	alpha = 1
P0 = -100
	75%
	2.66
	0.66
	2.01
	7.00
	2.42
	0.50
	1.64
	7.41

	
	
	
	-7.4%
	7.4%
	-8.7%
	-7.0%
	-15.0%
	-5.0%
	-14.8%
	-13.8%

	Case 5
	alpha = 1
P0 = -105
	67%
	2.72
	0.68
	2.21
	6.33
	4.70
	0.78
	3.42
	13.23

	
	
	
	-5.3%
	11.7%
	0.6%
	-16.0%
	65.2%
	47.7%
	77.6%
	53.9%

	Case 5
	alpha = 1
P0 = -110
	66%
	2.11
	0.58
	1.76
	4.91
	6.84
	1.21
	5.20
	17.92

	
	
	
	-26.7%
	-4.5%
	-20.0%
	-34.8%
	140.5%
	128.1%
	170.1%
	108.5%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


Table F.1.2-7: Uplink throughput results with joint UE specific P0 and UE specific 
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 for UMi-AV from Source 3 (R1-1720784 [C27]): Low load

	Low Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	16%
	11.55
	4.90
	10.49
	21.08
	10.88
	1.32
	9.24
	26.05

	Case 3
	alpha = 0.8
P0 = -86
	16%
	9.59
	4.27
	9.16
	16.91
	11.32
	1.39
	9.85
	26.72

	
	
	
	-17.0%
	-12.9%
	-12.7%
	-19.8%
	4.0%
	4.6%
	6.6%
	2.5%

	Case 3
	alpha = 0.8
P0 = -89
	15%
	7.61
	3.35
	7.19
	12.79
	11.59
	1.39
	10.13
	27.24

	
	
	
	-34.1%
	-31.7%
	-31.4%
	-39.3%
	6.5%
	4.8%
	9.7%
	4.5%

	Case 3
	alpha = 1
P0 = -100
	16%
	12.90
	5.48
	11.95
	23.56
	10.66
	1.29
	9.02
	25.89

	
	
	
	11.6%
	11.7%
	14.0%
	11.8%
	-2.1%
	-2.9%
	-2.4%
	-0.6%

	Case 3
	alpha = 1
P0 = -105
	15%
	9.69
	3.98
	9.40
	15.95
	11.53
	1.39
	10.08
	26.89

	
	
	
	-16.1%
	-18.8%
	-10.3%
	-24.3%
	6.0%
	4.7%
	9.1%
	3.2%

	Case 3
	alpha = 1
P0 = -110
	16%
	6.15
	3.13
	5.94
	10.33
	11.60
	1.39
	10.18
	27.24

	
	
	
	-46.7%
	-36.1%
	-43.3%
	-51.0%
	6.6%
	5.2%
	10.2%
	4.5%

	

	Case 5
	alpha = 0.8
P0 = -83
	25%
	7.85
	2.92
	7.29
	14.87
	7.16
	0.89
	5.71
	18.24

	Case 5
	alpha = 0.8
P0 = -86
	24%
	6.84
	2.72
	6.30
	12.87
	8.20
	1.01
	6.66
	20.46

	
	
	
	-12.9%
	-6.9%
	-13.7%
	-13.5%
	14.4%
	13.5%
	16.5%
	12.2%

	Case 5
	alpha = 0.8
P0 = -89
	25%
	5.82
	2.29
	5.49
	10.51
	8.94
	1.13
	7.37
	21.51

	
	
	
	-25.9%
	-21.5%
	-24.7%
	-29.3%
	24.8%
	27.4%
	29.0%
	17.9%

	Case 5
	alpha = 1
P0 = -100
	25%
	7.88
	2.91
	7.15
	15.53
	6.44
	0.81
	4.96
	17.19

	
	
	
	0.3%
	-0.4%
	-2.0%
	4.4%
	-10.1%
	-9.0%
	-13.2%
	-5.7%

	Case 5
	alpha = 1
P0 = -105
	23%
	6.64
	2.64
	6.25
	12.09
	8.38
	1.00
	6.84
	20.66

	
	
	
	-15.4%
	-9.6%
	-14.3%
	-18.7%
	17.0%
	12.3%
	19.7%
	13.3%

	Case 5
	alpha = 1
P0 = -110
	25%
	4.58
	1.85
	4.36
	8.16
	9.34
	1.14
	7.84
	22.67

	
	
	
	-41.7%
	-36.9%
	-40.3%
	-45.1%
	30.3%
	28.3%
	37.2%
	24.3%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


Table F.1.2-8: Uplink throughput results with joint UE specific P0 and UE specific 
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 for UMi-AV from Source 3 (R1-1720784 [C27]): High load

	High Load

	Aerial UE ratio case
	Combination
	RU
	Aerial UE throughput

[Mbps]
	Terrestrial UE throughput

[Mbps]

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Case 3
	alpha = 0.8
P0 = -83
	48%
	6.97
	2.25
	6.18
	14.77
	6.41
	0.86
	4.91
	17.12

	Case 3
	alpha = 0.8
P0 = -86
	46%
	5.29
	1.89
	4.63
	10.76
	6.73
	0.93
	5.22
	17.55

	
	
	
	-24.1%
	-15.9%
	-25.1%
	-27.2%
	5.1%
	9.3%
	6.5%
	2.5%

	Case 3
	alpha = 0.8
P0 = -89
	45%
	4.57
	1.56
	3.97
	9.55
	7.10
	0.97
	5.60
	18.32

	
	
	
	-34.4%
	-30.8%
	-35.7%
	-35.3%
	10.8%
	13.2%
	14.2%
	7.0%

	Case 3
	alpha = 1
P0 = -100
	47%
	7.77
	2.73
	6.96
	15.59
	6.31
	0.89
	4.84
	16.71

	
	
	
	11.6%
	21.0%
	12.6%
	5.6%
	-1.6%
	4.3%
	-1.3%
	-2.4%

	Case 3
	alpha = 1
P0 = -105
	44%
	5.47
	1.87
	4.87
	11.31
	6.77
	0.95
	5.33
	17.70

	
	
	
	-21.5%
	-17.1%
	-21.2%
	-23.5%
	5.6%
	11.5%
	8.6%
	3.4%

	Case 3
	alpha = 1
P0 = -110
	42%
	3.63
	1.37
	3.23
	7.09
	7.57
	1.07
	5.98
	19.24

	
	
	
	-47.9%
	-39.4%
	-47.7%
	-52.0%
	18.2%
	25.0%
	22.0%
	12.4%

	

	Case 5
	alpha = 0.8
P0 = -83
	67%
	2.49
	0.58
	1.90
	6.44
	2.38
	0.52
	1.58
	6.99

	Case 5
	alpha = 0.8
P0 = -86
	64%
	2.29
	0.61
	1.87
	5.47
	3.08
	0.56
	2.04
	9.10

	
	
	
	-8.0%
	4.9%
	-1.8%
	-15.1%
	29.1%
	7.8%
	29.6%
	30.2%

	Case 5
	alpha = 0.8
P0 = -89
	60%
	2.12
	0.58
	1.68
	5.21
	3.76
	0.59
	2.55
	11.16

	
	
	
	-14.9%
	0.2%
	-11.6%
	-19.1%
	57.7%
	13.6%
	61.5%
	59.6%

	Case 5
	alpha = 1
P0 = -100
	73%
	2.18
	0.58
	1.72
	5.46
	1.79
	0.43
	1.20
	5.17

	
	
	
	-12.6%
	0.0%
	-9.9%
	-15.2%
	-24.9%
	-16.1%
	-24.0%
	-26.0%

	Case 5
	alpha = 1
P0 = -105
	62%
	2.11
	0.56
	1.67
	5.32
	3.06
	0.55
	2.01
	9.18

	
	
	
	-15.2%
	-3.6%
	-12.3%
	-17.4%
	28.5%
	6.3%
	27.6%
	31.3%

	Case 5
	alpha = 1
P0 = -110
	61%
	1.73
	0.51
	1.43
	3.98
	4.08
	0.64
	2.70
	12.41

	
	
	
	-30.7%
	-12.1%
	-24.8%
	-38.2%
	71.0%
	24.3%
	71.5%
	77.5%

	Note:

· Fast fading in Section B.1.1 is used for aerial UEs.
· The UE specific P0 combination is only applied to aerial UE
· For all combinations, P0 = -83 dBm and alpha = 0.8 is assumed for terrestrial UE.


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 are given in Tables F.2-1 to F.2-3.  From these results, the following can be observed for uplink throughput of all UEs:

· 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.
The following can be observed for uplink throughput of terrestrial UEs:

· Source 1 in their corresponding baseline results presented in Table D.2.1-3 showed that with an offered traffic per cell of 1.8 Mbps, the five percentile UE throughput and mean UE throughput for terrestrial in aerial UE ratio case 5 are decreased by 37% and 12%, respectively, when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table F.2-2, Source 1 shows that with an offered traffic per cell of 6.8 Mbps, the five percentile UE throughput and mean UE throughput for terrestrial in aerial UE ratio case 5 are decreased by 6% and 2%, respectively, when compared to aerial UE ratio case 1.
The following can be observed for uplink throughput of aerial UEs:

· Source 1 in their corresponding baseline results presented in Table D.2.2-3 showed that with an offered traffic per cell of 1.8 Mbps, the five percentile UE throughput and mean UE throughput for terrestrial in aerial UE ratio case 5 are 10.61 Mbps and 26.42 Mbps.

· With the FD-MIMO results in Table F.2-3, Source 1 shows that with an offered traffic per cell of 6.8 Mbps, the five percentile UE throughput and mean UE throughput for terrestrial in aerial UE ratio case 5 are 19.04 Mbps and 32.93 Mbps.
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.


Table F.2-2: Uplink throughput results for terrestrial UEs with FD-MIMO for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	6.8
	12

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

	RU [%]
	19.86
	19.04
	49.68
	56.09

	5% user throughput [Mbps]
	7.27
	6.81 
	4.41 
	3.06 

	5% user throughput gain [%]
	0
	-6
	0
	-31

	50% user throughput [Mbps]
	30.5
	29.66 
	22.48
	19.2

	50% user throughput gain [%]
	0
	-3
	0
	-15

	Mean throughput [Mbps]
	27.1
	26.51
	21.6
	19.08

	Mean throughput gain [%]
	0
	-2
	0
	-12

	95% user throughput [Mbps]
	36.4
	36.39
	36.31
	36.21

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

	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
· Handover margin of 0dB assumed.

· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 8 Rx is assumed for evaluations.
· Open loop power control with 
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Table F.2-3: Uplink throughput results for terrestrial UEs with FD-MIMO for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	6.8
	12

	Aerial UE Ratio Case
	Case 5
	Case 5

	RU [%]
	19.04
	56.09

	5% user throughput [Mbps]
	20.22
	10.45

	50% user throughput [Mbps]
	36.14
	24.53

	Mean throughput [Mbps]
	32.93
	23.95

	95% user throughput [Mbps]
	36.41
	35.85

	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 0dB assumed.

· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 8 Rx is assumed for evaluations.
· Open loop power control with 
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F.3 Evaluation results for directional antennas at UE

In this section, the uplink throughput results with directional antenna at the aerial UE are presented for UMa-AV.   Performance of the three types of LoS direction tracking capabilities defined in Section 7.3.3 are evaluated.  

The uplink terrestrial UE throughput results are given in Table F.3-1 and Table F.3-2 for the cases where the aerial UE directional antenna has horizontal and vertical HPBWs of 65˚ and 35˚, respectively.  From these results, the following can be observed:

· If the aerial UEs are equipped with directional antennas with 65˚ HPBW and with DoT antenna alignment, the mean terrestrial UE throughput loss at high offered traffic load in aerial UE ratio case 5 can be limited to 6% when compared to aerial UE ratio case 1.  When the aerial UEs are equipped with omni-directional antennas, the corresponding loss is 53%.

The uplink aerial UE throughput results are given in Table F.3-3 and Table F.3-4 for the cases where the aerial UE directional antenna has horizontal and vertical HPBWs of 65˚ and 35˚, respectively.  From these results, the following can be observed:
· If the aerial UEs are equipped with directional antennas with 65˚ HPBW and with DoT antenna alignment, the mean aerial UE throughput in aerial UE ratio case 5 can be improved by 61% when compared to the scenario where omni-directional antennas are equipped at the aerial UEs.

Table F.3-1: Uplink terrestrial throughput results with 65˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	1.8
	4.2

	Aerial UE Ratio Case
	Case 1
	Case 5

Case 3

Case 4

Case 5
	Case 1
	Case 5

Case 3

Case 4

Case 5

	Antenna steering
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni

	RU [%]
	18.31
	13.29
	21.26
	18.44
	18.99
	44.46
	39.85
	58.63
	45.62
	67.31

	5% user throughput [Mbps]
	2.75
	2.84
	2.42
	2.79
	1.74
	1.32
	1.11
	0.78
	1.32
	0.4

	5% user throughput gain [%]
	0
	3
	-12
	1
	-37
	0
	-16
	-41
	0
	-70

	50% user throughput [Mbps]
	22.24
	20.97
	20.48
	21.78
	18.92
	15.67
	14.88
	10.41
	14.73
	5.85

	50% user throughput gain [%]
	0
	-6
	-8
	-2
	-15
	0
	-5
	-34
	-6
	-63

	Mean throughput [Mbps]
	21.74
	21.37
	20.49
	21.51
	19.21
	17.25
	16.28
	12.81
	16.48
	8.12

	Mean throughput gain [%]
	0
	-2
	-6
	-1
	-12
	0
	-6
	-26
	-4
	-53

	95% user throughput [Mbps]
	36.38
	36.37
	36.35
	36.36
	36.3
	36.27
	35.84
	31.69
	36.06
	23.73

	95% user throughput gain [%]
	0
	0
	0
	0
	0
	0
	-1
	-13
	-1
	-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 modelled.

· Open loop power control with 
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· Directional antenna pattern at aerial UE modelled using the 3D antenna model in Table 7.3-1 of [4] with 0 dB peak antenna gain.
· For non-ideal LoS case, standard deviation of tracking error is 40˚


Table F.3-2: Uplink terrestrial throughput results with 35˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	1.8
	4.2

	Aerial UE Ratio Case
	Case 1
	Case 5

Case 3

Case 4

Case 5
	Case 1
	Case 5

Case 3

Case 4

Case 5

	Antenna steering
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni

	RU [%]
	18.31
	12.47
	19.24
	17.5
	18.99
	44.46
	35.64
	49.48
	41.45
	67.31

	5% user throughput [Mbps]
	2.75
	2.46
	2.72
	2.92
	1.74
	1.32
	1.47
	1.36
	1.66
	0.4

	5% user throughput gain [%]
	0
	-11
	-1
	 6
	-37
	0
	 11
	3
	26
	-70

	50% user throughput [Mbps]
	22.24
	22.01
	22.02
	22.6
	18.92
	15.67
	16.62
	14.63
	17.04
	5.85

	50% user throughput gain [%]
	0
	-1
	-1
	 2
	-15
	 0
	6
	-7
	 9
	-63

	Mean throughput [Mbps]
	21.74
	21.62
	21.69
	22.1
	19.21
	17.25
	17.54
	16.37
	17.98
	8.12

	Mean throughput gain [%]
	0
	-1
	0
	2
	-12
	 0
	 2
	-5
	 4
	-53

	95% user throughput [Mbps]
	36.38
	36.38
	36.37
	36.38
	36.3
	36.27
	36.24
	35.97
	36.25
	23.73

	95% user throughput gain [%]
	0
	0
	0
	 0
	0
	0
	 0
	-1
	 0
	-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 modelled.

· Open loop power control with 
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· Directional antenna pattern at aerial UE modelled using the 3D antenna model in Table 7.3-1 of [4] with 0 dB peak antenna gain.
· For non-ideal LoS case, standard deviation of tracking error is 20˚


Table F.3-3: Uplink aerial throughput results with 65˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	1.8
	4.2

	Aerial UE Ratio Case
	Case 5

Case 3

Case 4

Case 5
	Case 5

Case 3

Case 4

Case 5

	Antenna steering
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni

	RU [%]
	13.29
	21.26
	18.44
	18.99
	39.85
	58.63
	45.62
	67.31

	5% user throughput [Mbps]
	16.8
	3.47
	16.6
	10.61
	8.7
	1.11 
	8.18
	2.28

	5% user throughput gain [%]
	0
	-79
	-1
	-37
	0
	-87
	-6
	-74

	50% user throughput [Mbps]
	34.36
	27.64
	36.19
	27.56
	22.87
	12.98
	26.38
	6.97

	50% user throughput gain [%]
	0
	-20
	5
	-20
	0
	-43
	15
	-70

	Mean throughput [Mbps]
	30.88
	25.06
	31.88
	26.42
	22.59
	14.43
	24.81
	8.84

	Mean throughput gain [%]
	 0
	-19
	 3
	-14
	 0
	-36
	10
	-61

	95% user throughput [Mbps]
	36.41
	36.39
	36.42
	36.39
	36.24
	32.25
	36.33
	21.51

	95% user throughput gain [%]
	0
	 0
	 0
	0
	 0
	-11
	0
	-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 model in Section B.1.3 is used.

· Open loop power control with 
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· Directional antenna pattern at aerial UE modelled using the 3D antenna model in Table 7.3-1 of [4] with 0 dB peak antenna gain.
· For non-ideal LoS case, standard deviation of tracking error is 40˚


Table F.3-4: Uplink aerial throughput results with 35˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720054 [C25])
	Offered Traffic Per Cell [Mbps]
	1.8
	4.2

	Aerial UE Ratio Case
	Case 5

Case 3

Case 4

Case 5
	Case 5

Case 3

Case 4

Case 5

	Antenna steering
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni
	DOT
	Non-ideal LoS
	Ideal LoS
	Omni

	RU [%]
	12.47
	19.24
	17.5
	18.99
	35.64
	49.48
	41.45
	67.31

	5% user throughput [Mbps]
	13.56
	6.38
	17.51
	10.61
	7.94
	2.91
	9.81
	2.28 

	5% user throughput gain [%]
	 0
	-53
	 29
	-22
	 0
	-63
	24
	-71

	50% user throughput [Mbps]
	33.26
	33.16
	36.24
	27.56
	24.51
	21.48
	30.04
	6.97

	50% user throughput gain [%]
	 0
	 0
	 9
	-17
	 0
	-12
	23
	-72

	Mean throughput [Mbps]
	29.96
	28.42
	32.88
	26.42
	23.82
	21.19
	27.73
	8.84

	Mean throughput gain [%]
	 0
	-5
	 10
	-12
	 0
	-11
	16
	-63

	95% user throughput [Mbps]
	36.41
	36.42
	36.42
	36.39
	36.33
	36.29
	36.38
	21.51

	95% user throughput gain [%]
	 0
	 0
	 0
	 0
	 0
	0
	0
	-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 model in Section B.1.3 is used.

· Open loop power control with 
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· Directional antenna pattern at aerial UE modelled using the 3D antenna model in Table 7.3-1 of [4] with 0 dB peak antenna gain.
· For non-ideal LoS case, standard deviation of tracking error is 20˚
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