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Introduction
This contribution provides a text proposal for downlink 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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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

AGL
Above Ground Level

C&C
Command & Control
UAV
Unmanned Aerial Vehicle
HPBW
Half-power bandwidth
JT CoMP
Coordinated Multi-Point with Joint Transmission
/************************ Unchanged parts omitted**************************/

7.2 Potential enhancements for downlink interference mitigation
In this Section, potential solutions for downlink interference mitigation are presented along with key observations.  The simulation results corresponding to these solutions are provided in Section E.  Caution should be exercised when drawing conclusions from those results that were obtained under one or more of the following conditions:

· Results obtained at load points that were significantly higher than the load points in the baseline assumptions
· Results obtained with an assumption that PDCCH SINR in the system is the same as the PDSCH SINR even though the reuse factors for PDCCH region in the system are lower than the PDSCH region especially if fewer UEs are scheduled per subframe
7.2.1 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. Since FD-MIMO is supported since LTE Rel-14, enhancements are not needed. 
The evaluation results for this solution are given in Section E.1.  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 6%.  When FD-MIMO is not used, the corresponding mean terrestrial UE packet throughput is 23%.  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 9.54 Mbps can be achieved when the aerial UE ratio is 50%.
7.2.2 Directional antenna at aerial UEs

In this solution, the aerial UEs are assumed to be equipped with directional antenna instead of an omnidirectional antenna.  The directional antenna is used to mitigate the interference in the downlink to aerial UEs by decreasing the interference power coming from a 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.

Enhancements are not needed if the use of directional antenna is left to implementation at aerial UEs. 

The evaluation results for this solution are given in Section E.2.  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 non-ideal LoS tracking at the aerial UEs can limit the mean terrestrial UE packet throughput loss to 9% at high offered traffic load.  When omni-directional antennas are used at the aerial UEs, the corresponding mean terrestrial UE packet throughput loss is 49%.  It is also observed that with directional antennas at the aerial UEs, the mean aerial UE packet throughput can be improved by over 62% at high offered traffic load.  The results in Section E.2 also show that the performance of the aerial UEs depends on the capability and accuracy of LoS direction tracking.
7.2.3 Receive beamforming at aerial UEs

In this solution, the aerial UEs are assumed to be equipped with more than 2 receive antennas which are used to mitigate the interference in the downlink to aerial UEs.  Downlink interference mitigation can be achieved in this case by using receive beamforming at aerial UEs. Since receive beamforming is up to the implementation at aerial UEs, enhancements are not needed. 
The evaluation results for this solution are given in Section E.3.  From these results, it is observed that when the aerial UE ratio is increased from 0% to 50% in UMa-AV scenario, using receive beamforming with 8 Rx antennas at the aerial UEs can improve the mean packet throughput of all UEs by 7.3% at low offered traffic load.  With the aerial UE ratio kept fixed at 50% in UMa-AV scenario, applying receive beamforming with 8 Rx antennas at the aerial UEs can improve the mean packet throughput of all UEs by 27.5% at low offered traffic load compared to the case where the aerial UEs are equipped with 2 Rx antennas.
7.2.4 Intra-site JT CoMP
In this solution, multiple cells belonging to the same site are coordinated and data is jointly transmitted to the UEs. Since intra-site JT CoMP is already supported in LTE, enhancements are not needed. 
The evaluation results for this solution are given in Section E.4.  From these results, it is observed that when the aerial UE ratio is increased from 0% to 50% and when intra-site JT CoMP is employed in the case with 50% aerial UE ratio, the mean packet throughput of all UEs can be improved by 33.4% at low offered traffic load in UMa-AV scenario.  With the aerial UE ratio kept fixed at 50% in UMa-AV scenario, employing intra-site JT CoMP can improve the mean packet throughput for all UEs by 58.5% at low offered traffic load compared to the case where intra-site JT CoMP is not employed.
7.2.5 Coverage Extension

In this solution, LTE Rel-13 coverage extension techniques are used to enhance synchronization and initial access (i.e. SCH, PBCH and PDSCH carrying system information) for aerial UEs. Since coverage extension techniques are already supported since Rel-13, enhancements are not needed for this solution.
The evaluation results for this solution are given in Section E.5.  From these results, it is observed that under baseline evaluation assumptions, a noticeable fraction of the aerial UEs in RMa-AV and UMa-AV are not in coverage for synchronization and initial access. With LTE release-13 coverage extension techniques, the aerial UEs in RMa-AV and UMa-AV can achieve synchronization and initial access with 100% coverage probability.
7.2.5 Coordinated data and control transmission

In this solution, multiple cells belonging to the same or different sites are coordinated. Data, common signal/channels (e.g., synchronization signal and PBCH), and control channels can be jointly transmitted to the UEs. The coordinated cells could construct a larger cell for aerial UEs, and terrestrial UEs are served by physical cells without coordination, simultaneously. A dedicated DL resource within the PDSCH region of the coordinated cells can be reserved for these coordinated transmissions.
There would be specification impact from this technique. The details would depend on the potential solutions for further study. It could include signaling for indicating the dedicated DL resource, procedure updates for cell (re-)selection and acquisition to apply to the coordinated cell, and cell ID for the coordinated cell. The capability and complexity of UE’s measurement may be increased due to more cells measured. RAN4 requirement on the synchronization of time-frequency among coordinated transmissions will be needed. Enhancements on X2 signaling including capacity and latency may be needed to coordinate multiple cells from same or different sites.
The evaluation results for this solution, taking into account PDCCH error, are given in Section E.6.  For the case of high resource utilization for PDSCH, throughput for aerial UEs is improved. At 95.4% resource utilization (e.g., the worst case can refer to the geometry results as shown in Section C.2), for the 5 percentile UEs, the throughput of aerial UEs is improved by 42.3% with data and control coordination compared to 15.4% with only data coordination, and the impact on terrestrial UEs is reduced from 8.5% with only data coordination to 1.1% with data and control coordination. In addition to the agreed system simulation assumptions, additional simulation model of PDCCH error is given in Section E.6. Detailed simulation assumption for modelling PDCCH error is also shown in Section E.6, and the gain of network coordination on PDCCH needs further evaluation.
7.3 Potential enhancements for uplink interference mitigation

7.3 Potential enhancements for uplink interference mitigation
In this Section, potential solutions for uplink interference mitigation are presented along with key observations.  The simulation results corresponding to these solutions are provided in Section F.  Caution should be exercised when drawing conclusions from those results that were obtained at load points that were significantly higher than the load points in the baseline assumptions.

/************************ Unchanged parts omitted**************************/

Annex E:  Evaluation results with potential enhancements in Downlink
Editor’s note: This section will capture evaluation results with potential enhancements in DL.
In this section, simulation results corresponding to potential solutions for downlink interference mitigation are provided.  Caution should be exercised when drawing conclusions from those results that were obtained under one or more of the following conditions:

· Results obtained at load points that were significantly higher than the load points in the baseline assumptions
· Results obtained with an assumption that PDCCH SINR in the system is the same as the PDSCH SINR even though the reuse factors for PDCCH region in the system are lower than the PDSCH region especially if fewer UEs are scheduled per subframe
E.1 Evaluation results for FD-MIMO

In this section, the downlink throughput results with FD-MIMO are presented for UMa-AV.  The downlink throughput results for all UEs 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 throughput for all UEs 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.1-1, Source 1 shows that with an offered traffic per cell of 5.1 Mbps, the mean throughput loss for all UEs in aerial UE ratio case 5 can be limited to 11% when compared to aerial UE ratio case 1.
The downlink throughput results with FD-MIMO for terrestrial UEs are given in Table E.1-2.  From these results, the following can be observed:

· Source 1 in their corresponding baseline results presented in Table D.1.1-3 showed that with an offered traffic per cell of 3.6 Mbps, the mean throughput for terrestrial UEs in aerial UE ratio case 5 is decreased by 23% when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table E.1-2, Source 1 shows that with an offered traffic per cell of 6.8 Mbps, the mean throughput loss in aerial UE ratio case 5 can be limited to 6% when compared to aerial UE ratio case 1.
The downlink throughput results with FD-MIMO for aerial UEs are given in Table E.1-3.  It is observed that with an offered traffic of 6.8 Mbps, a five-percentile aerial UE throughput of 9.54 Mbps can be achieved in aerial UE ratio case 5.
Table E.1-1: 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 ports are assumed for evaluations.


Table E.1-2: Downlink terrestrial UE throughput results with FD-MIMO for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	6.8
	12

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

	RU [%]
	21.05
	26.68
	49.91
	71.73

	5% user throughput [Mbps]
	14.35
	11.91
	6.41
	2.72

	5% user throughput gain [%]
	0
	-17
	0
	-58

	50% user throughput [Mbps]
	35.66
	33.44
	22.18
	14

	50% user throughput gain [%]
	0
	-6
	0
	-37

	Mean throughput [Mbps]
	35.78
	33.73
	24.74
	18.11

	Mean throughput gain [%]
	0
	-6
	0
	-27

	95% user throughput [Mbps]
	55.97
	55.89
	52.04
	46.62

	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 modelled.

· Handover margin of 0dB assumed.

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


Table E.1-3: Downlink aerial UE throughput results with FD-MIMO for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	6.8
12
	12

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

	RU [%]
	21.05
	26.68
	49.91
	71.73

	5% user throughput [Mbps]
	-
	9.54
	-
	1.60

	50% user throughput [Mbps]
	-
	22.41
	-
	6.49

	Mean throughput [Mbps]
	-
	24.48
	-
	9.01

	95% user throughput [Mbps]
	-
	46.55
	-
	26.68

	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 16 Tx ports are assumed for evaluations.


E.2 Evaluation results for directional antenna at aerial UEs
In this section, the downlink 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 7.2.2 are evaluated.  
The downlink terrestrial UE throughput results are given in Table E.2-1 and Table E.2-2 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 26% when compared to aerial UE ratio case 1.  When the aerial UEs are equipped with omni-directional antennas, the corresponding loss is 49%.
· If the aerial UEs are equipped with directional antennas with 65˚ HPBW and with non-ideal LoS tracking, the mean terrestrial UE throughput loss at high offered traffic load in aerial UE ratio case 5 can be further limited to 9% when compared to aerial UE ratio case 1.
The downlink aerial UE throughput results are given in Table E.2-3 and Table E.2-4 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 62% when compared to the scenario where omni-directional antennas are equipped at the aerial UEs.

· If the aerial UEs are equipped with directional antennas with 65˚ HPBW and with non-ideal LoS tracking, the mean aerial UE throughput in aerial UE ratio case 5 can be further improved by 150% when compared to the scenario where omni-directional antennas are equipped at the aerial UEs.

Table E.2-1: Downlink terrestrial throughput results with 65˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	3.6
	6.6

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

	Aerial UE antenna
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni

	RU [%]
	17.36
	19.23
	29.3
	18.11
	36.89
	43.96
	61.06
	48.94
	47.3
	81.89

	5% user throughput [Mbps]
	6.16
	6.15
	4.44
	6.7
	3.47
	3.17
	1.69
	2.82
	3.1
	0.93

	5% user throughput gain [%]
	0
	0
	-28
	9
	-44
	0
	-47
	-11
	-2
	-71

	50% user throughput [Mbps]
	26.48
	25.03
	20.82
	25.98
	17.54
	15.61
	9.72
	13.68
	14.69
	5.48

	50% user throughput gain [%]
	0
	-5
	-21
	-2
	-34
	0
	-38
	-12
	-6
	-65

	Mean throughput [Mbps]
	28.7
	27.9
	24.4
	28.63
	22.06
	19.89
	14.77
	18.12
	19.49
	10.18

	Mean throughput gain [%]
	0
	-3
	-15
	6.7
	-23
	0
	-26
	-9
	-2
	-49

	95% user throughput [Mbps]
	55.73
	55.63
	55.33
	55.78
	55.26
	49.26
	44.08
	46.79
	50.59
	37.32

	95% user throughput gain [%]
	0
	0
	-1
	0
	-1
	0
	-11
	-5
	3
	-24

	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.

· 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 E.2-2: Downlink terrestrial throughput results with 35˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	3.6
	6.6

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

	Aerial UE antenna
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni

	RU [%]
	17.36
	16.31
	19.43
	15.7
	36.89
	43.96
	50.61
	54.15
	41.14
	81.89

	5% user throughput [Mbps]
	6.16
	6.55
	5.86
	7.11
	3.47
	3.17
	2.85
	2.54
	3.72
	0.93

	5% user throughput gain [%]
	0
	6
	-5
	15
	-44
	0
	-10
	-20
	17
	-71

	50% user throughput [Mbps]
	26.48
	25.78
	25.31
	27.58
	17.54
	15.61
	13.71
	12.8
	16.53
	5.48

	50% user throughput gain [%]
	0
	-3
	-4
	4
	-34
	0
	-12
	-18
	6
	-65

	Mean throughput [Mbps]
	28.7
	28.55
	27.99
	29.76
	22.06
	19.89
	18.21
	17.32
	21.21
	10.18

	Mean throughput gain [%]
	0
	-1
	-2
	4
	-23
	0
	-8
	-13
	7
	-49

	95% user throughput [Mbps]
	55.73
	55.76
	55.7
	55.83
	55.26
	49.26
	48.39
	45.83
	53.56
	37.32

	95% user throughput gain [%]
	0
	0
	0
	0
	-1
	0
	-2
	-7
	9
	-24

	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.

· 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 E.2-3: Downlink aerial throughput results with 65˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	3.6
	6.6

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

	Aerial UE antenna
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni

	RU [%]
	17.36
	19.23
	29.3
	18.11
	36.89
	43.96
	61.06
	48.94
	47.3
	81.89

	5% user throughput [Mbps]
	-
	6.28
	0.89
	8.34
	0.94
	-
	0.97
	1.96
	3.61
	0

	5% user throughput gain [%]
	-
	0
	-86
	33
	-85
	-
	0
	102
	272
	-100

	50% user throughput [Mbps]
	-
	19.99
	14.74
	33.8
	4
	-
	4.04
	13.32
	17.44
	0.85

	50% user throughput gain [%]
	-
	0
	-26
	69
	-80
	-
	0
	230
	332
	-79

	Mean throughput [Mbps]
	-
	22.54
	18.81
	33.37
	6.82
	-
	6.57
	16.42
	19.91
	2.48

	Mean throughput gain [%]
	-
	0
	-17
	48
	-70
	-
	0
	150%
	203%
	-62%

	95% user throughput [Mbps]
	-
	48.59
	52.48
	55.73
	22.77
	-
	19
	41.65
	46.35
	9.88

	95% user throughput gain [%]
	-
	0
	8
	15
	-53
	-
	0
	119
	144
	-48

	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.

· 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 E.2-4: Downlink aerial throughput results with 35˚ HPBW directional antenna at aerial UE for UMa-AV from Source 1 (R1-1720053 [b25])
	Offered Traffic Per Cell [Mbps]
	3.6
	6.6

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

	Aerial UE antenna
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni
	-
	Directional

DoT
	Directional 

Non-ideal LoS
	Directional

Ideal LoS
	Omni

	RU [%]
	17.36
	16.31
	19.43
	15.7
	36.89
	43.96
	61.06
	48.94
	47.3
	81.89

	5% user throughput [Mbps]
	-
	9.05
	4.15
	13.16
	0.94
	-
	2.39
	0.76
	6.99
	0

	5% user throughput gain [%]
	-
	0
	-54
	45
	-90
	-
	0
	-68
	192
	-100

	50% user throughput [Mbps]
	-
	29.11
	34.92
	47.79
	4
	-
	9.97
	16.31
	32.79
	0.85

	50% user throughput gain [%]
	-
	0
	20
	64
	-86
	-
	0
	64
	229
	-91

	Mean throughput [Mbps]
	-
	30.06
	33.7
	43.8
	6.82
	-
	13.42
	19.22
	32.51
	2.48

	Mean throughput gain [%]
	-
	0
	12
	46
	-77
	-
	0
	43
	142
	-82%

	95% user throughput [Mbps]
	-
	55.63
	55.92
	56.42
	22.77
	-
	35.26
	48.32
	55.63
	9.88

	95% user throughput gain [%]
	-
	0
	1
	1
	-59
	-
	0
	37
	58
	-72

	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.

· 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˚


E.3 Evaluation results for receive beamforming at aerial UEs

In this section, the downlink throughput results with receive beamforming at aerial UEs are presented for UMa-AV.  
The downlink throughput results for all UEs are given in Table E.3-1.  From these results, the following can be observed:

· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 5, Source 1 shows that at low offered traffic load, the mean throughput for all UEs can be improved by 27.5% when compared to the scenario where the aerial UEs are equipped with 2 Rx antennas in aerial UE ratio case 5.
· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 1, Source 1 shows that at low offered traffic load, the mean throughput for all UEs can be improved by 7.3% when compared to aerial UE ratio case 1.
The downlink terrestrial UE throughput results are given in Table E.3-2. From these results, the following can be observed:

· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 5, Source 1 shows that at low offered traffic load, the mean throughput for terrestrial UEs can be improved by 14.8% when compared to the scenario where the aerial UEs are equipped with 2 Rx antennas in aerial UE ratio case 5.

· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 5, Source 1 shows that at low offered traffic load, the fifty percentile throughput for terrestrial UEs can be improved by 5.6% when compared to aerial UE ratio case 1.  

The downlink aerial UE throughput results are given in Table E.3-3. From these results, the following can be observed:

· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 5, Source 1 shows that at low offered traffic load, the mean throughput for aerial UEs can be improved by 22.9% when compared to the scenario where the aerial UEs are equipped with 2 Rx antennas in aerial UE ratio case 5.

· With receive beamforming and 8 Rx antennas at the aerial UEs in aerial UE ratio case 5, Source 1 shows that at low offered traffic load, the mean throughput for aerial UEs can be improved by 20.7% when compared to aerial UE ratio case 1.

Table E.3-1: Downlink throughput results for all UEs with receive beamforming at aerial UEs for UMa-AV from Source 1 (R1-1721197 [b26])
	Aerial UE Ratio Case
	Case 5 baseline with 2 Rx at aerial UEs


	Case 5 with receive filtering and 8 Rx at aerial UEs
	Case 1 baseline
	Case 5 with receive filtering and 8 Rx at aerial UEs

	RU [%]
	13
	13

	5% user throughput [Mbps]
	3.81
	5.61
	4.77
	5.61

	5% user throughput gain [%]
	0
	47.2
	0
	17.6

	50% user throughput [Mbps]
	18.69
	21.28
	19.42
	21.28

	50% user throughput gain [%]
	0
	13.9
	0
	9.6

	Mean throughput [Mbps]
	11.99
	15.29
	14.25
	15.29

	Mean throughput gain [%]
	0
	27.5
	0
	7.3

	95% user throughput [Mbps]
	42.11
	42.55
	42.11
	42.55

	95% user throughput gain [%]
	0
	1
	0
	1

	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.


Table E.3-2: Downlink terrestrial throughput results with receive beamforming at aerial UEs for UMa-AV from Source 1 (R1-1721197 [b26])

	Aerial UE Ratio Case
	Case 5 baseline with 2 Rx at aerial UEs


	Case 5 with receive beamforming and 8 Rx at aerial UEs
	Case 1 baseline
	Case 5 with receive beamforming and 8 Rx at aerial UEs

	RU [%]
	13
	13

	5% user throughput [Mbps]
	3.91
	4.52
	4.77
	4.52

	5% user throughput gain [%]
	0
	15.6
	0
	-5.2

	50% user throughput [Mbps]
	17.94
	20.51
	19.42
	20.51

	50% user throughput gain [%]
	0
	14.3
	0
	5.6

	Mean throughput [Mbps]
	11.59
	13.31
	14.25
	13.31

	Mean throughput gain [%]
	0
	14.8
	0
	-6.6

	95% user throughput [Mbps]
	42.11
	42.55
	42.11
	42.55

	95% user throughput gain [%]
	0
	1
	0
	1

	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.


Table E.3-3: Downlink aerial throughput results with receive beamforming at aerial UEs for UMa-AV from Source 1 (R1-1721197 [b26])

	Aerial UE Ratio Case
	Case 5 baseline with 2 Rx at aerial UEs


	Case 5 with receive beamforming and 8 Rx at aerial UEs
	Case 1 baseline (terrestrial UE)
	Case 5 with receive beamforming and 8 Rx at aerial UEs

	RU [%]
	13
	13

	5% user throughput [Mbps]
	3.2
	6.92
	4.77
	6.92

	5% user throughput gain [%]
	0
	116.3
	0
	45.1

	50% user throughput [Mbps]
	20.1
	22.0
	19.42
	22.0

	50% user throughput gain [%]
	0
	9.5
	0
	13.3

	Mean throughput [Mbps]
	14.0
	17.2
	14.25
	17.2

	Mean throughput gain [%]
	0
	22.9
	0
	20.7

	95% user throughput [Mbps]
	41.67
	42.55
	42.11
	42.55

	95% user throughput gain [%]
	0
	2.1
	0
	1

	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.


E.4 Evaluation results for intra-site JT CoMP

In this section, the downlink throughput results for intra-site JT CoMP are presented for UMa-AV.  

The downlink throughput results for all UEs are given in Table E.4-1.  From these results, the following can be observed:

· With intra-site JT CoMP, Source 1 shows that at low offered traffic load, the mean throughput for all UEs in aerial UE ratio case 5 can be improved by 58.5% when compared to the scenario where intra-site CoMP is not used in aerial UE ratio case 5.

· With intra-site JT CoMP, Source 1 shows that at low offered traffic load, the mean throughput for all UEs in aerial UE ratio case 5 can be improved by 33.4% when compared to the scenario where intra-site CoMP is not used in aerial UE ratio case 1.

Table E.4-1: Downlink throughput results for all UEs with intra-site CoMP for UMa-AV from Source 1 (R1-1720515 [b26])
	Aerial UE Ratio Case
	Case 5 baseline
	Case 5 with intra-site CoMP
	Case 1 baseline
	Case 5 with intra-site CoMP

	RU [%]
	13
	13

	5% user throughput [Mbps]
	3.81
	6.84
	4.77
	6.84

	5% user throughput gain [%]
	0
	79.5
	0
	43.4

	50% user throughput [Mbps]
	18.69
	27.40
	19.42
	27.40

	50% user throughput gain [%]
	0
	46.6
	0
	41.1

	Mean throughput [Mbps]
	11.99
	19.01
	14.25
	19.01

	Mean throughput gain [%]
	0
	58.5
	0
	33.4

	95% user throughput [Mbps]
	42.11
	42.55
	42.11
	42.55

	95% user throughput gain [%]
	0
	1.0
	0
	1.0

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

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

· Handover margin of 0dB assumed.


E.5 Evaluation results for Coverage Extension

In this section, the coverage and downlink throughput results for LTE release-13 coverage extension are presented.
The coverage results for aerial UEs with coverage extension for synchronization and initial access in RMa-AV and UMa-AV from Source 1 are given in Table E.5-1.  From these results, the following can be observed for synchronization and initial access:

· With baseline evaluation assumptions, a noticeable fraction of the aerial UEs in RMa-AV and UMa-AV are not in coverage. 
· With LTE release-13 coverage extension, the aerial UEs in RMa-AV and UMa-AV can achieve synchronization and initial access with 100% coverage probability.

The downlink throughput results for aerial UEs with coverage extension for RMa-AV and UMa-AV from Source 1 are given in Table E.5-2.  From these results, the following can be observed for data channels:

· The use of coverage extension does not reduce the throughputs of terrestrial UEs and aerial UE.
Table E.5-1: Coverage of aerial UEs with LTE Rel-13 coverage extension for synchronization and initial access in RMa-AV and UMa-AV from Source 1 (R1-1720859 [b27])
	
	RMa-AV with no coverage extension
	RMa-AV with coverage extension
	UMa-AV with no coverage extension
	UMa-AV with coverage extension

	Percentage of aerial UEs with downlink geometry SINR greater than required SINR of SCH [%]
	67
	100
	67
	100

	Percentage of aerial UEs with downlink geometry SINR greater than required SINR of PBCH [%]
	63
	100
	62
	100

	Percentage of aerial UEs with downlink geometry SINR greater than required SINR of PDSCH carrying system information [%]
	23
	100
	25
	100

	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.

· Handover margin of 0dB assumed.
· The required SINRs for SCH, PBCH, and PDSCH for the case with no coverage extension are -7.8dB, -7.5dB, and -4.0dB, as given in Table 5.2.1.2-2 of [b28].
· With LTE Rel-13 coverage extension techniques, the required SINRs for SCH, PBCH, and PDSCH are below -14dB.


Table E.5-2: Downlink throughputs with LTE Rel-13 coverage extension for RMa-AV and UMa-AV from Source 1 (R1-1720859 [b27])
	Offered traffic per cell [Mbps]
	7.65

	RU(%)
	50% RU corresponding to Case 1

	
	Terrestrial UEs
	Aerial UEs

	
	No CE
	With CE
	Difference
	No CE
	With CE
	Difference

	5% user throughput [Mbps]
	0.20
	0.20
	0%
	0.04
	0.04
	0%

	50% user throughput [Mbps]
	3.33
	3.37
	1.2%
	0.62
	0.63
	1.6%

	Mean throughput [Mbps]
	6.81
	6.84
	0.4%
	1.59
	1.59
	0%

	95% user throughput [Mbps]
	26.28
	26.28
	0%
	6.29
	6.32
	0.5%

	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.

· Handover margin of 0dB assumed.


E.6 Evaluation results for coordinated data and control transmission
In this section, the downlink throughput results for all UEs with network coordination are presented for UMa-AV. For ISD=500m, up to seven adjacent sites can be considered for coordinated transmission, and ideal backhaul is assumed. Synchronized (time and frequency) and coherent transmission are assumed among coordinated cells. The results from Source 1 are given in Table E.6-2 to Table E.6-7.
PDCCH error for the evaluation is modeled as follows:
· If the channel of a certain UE is LoS, PDCCH link level performance in AWGN channel is used for determining the PDCCH BLER.

· If the channel of a certain UE is NLoS, PDCCH link level performance in fading channel is used for determining the PDCCH BLER.

Resource occupation of PDCCH is not modeled in the system level evaluation.  PDCCH BLER is only considered in the system evaluation to investigate the impact on PDSCH throughput.  PDCCH BLER is applied to both aerial UEs and terrestrial UEs.  The coordinated transmission is only considered for aerial UEs with lower SINR, and other UE including terrestrial and rest of aerial UEs are served by physical cells without coordination, simultaneously. PDCCH error is calculated at a SINR point of PDSCH in the system level simulation, i.e., network coordination for PDCCH is not explicitly modeled but indirectly reflected by the SINR improvement via network coordination for PDSCH.  It is noted that SINR of PDCCH and PDSCH can be different.  PDCCH error at a SINR point leads to corresponding PDSCH reception failure.  Simulation parameters used by Source 1 for PDCCH link level evaluation are given below.
Table E.6-1: Parameters for PDCCH link level simulation (as in [b28]) from Source 1 (R1-1719467 [b29])
	Parameters
	Value

	System BW (MHz)
	10

	Channel BW of PDCCH (Hz)
	4320000

	DCI format
	1A

	Aggregation level
	8 CCEs

	CFI
	3

	Antenna configuration
	2Tx2Rx

	Frame Type
	FDD

	Channel
	EPA, AWGN


The downlink throughput results for terrestrial UEs without network coordination and without PDCCH error impact are given in Table E.6-2. 

The downlink throughput results for aerial UEs without network coordination and without PDCCH error impact are given in Table E.6-3. 
The downlink throughput results for terrestrial UEs with network coordination on data of aerial UEs and with PDCCH error impact are given in Table E.6-4.  

The downlink throughput results for aerial UEs with network coordination on data of aerial UEs and with PDCCH error impact are given in Table E.6-5.  

The downlink throughput results for terrestrial UEs with network coordination on both data and control of aerial UEs and with PDCCH error impact are given in Table E.6-6.  

The downlink throughput results for aerial UEs with network coordination on both data and control of aerial UEs and with PDCCH error impact are given in Table E.6-7.  

The throughput results in Table E.6-2 and Table E.6-3 are the baseline results for terrestrial UEs and aerial UEs, respectively.
Based on these results from Table E.6-2 to Table E.6-7, the followings can be observed:

­
Network coordination on data channels only can improve aerial UE throughput, but reduces the terrestrial UE throughput.  Additional network coordination on control further increases aerial UE throughput, and reduces the impact to terrestrial UEs.

­
The gain in 5 percentile aerial UE throughput by additional network coordination on control can be higher when resource utilization is higher.
Table E.6-2: Downlink terrestrial UE throughput results without PDCCH error impact and without network coordination for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	19.23
	75.13
	58.97
	95.4

	Average (Mbps)
	28.78
	17.85
	17.05
	10.17

	5% ile (Mbps)
	5.43
	2.39
	2.15
	0.94

	50% ile (Mbps)
	25.48
	13.84
	12.54
	6.55

	95% ile (Mbps)
	61.54
	47.62
	48.19
	34.48


Table E.6-3: Downlink aerial UE throughput results without PDCCH error impact and without network coordination for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	-
	75.13
	-
	95.4

	Average (Mbps)
	-
	3.7
	-
	2.88

	5% ile (Mbps)
	-
	0.33
	-
	0.26

	50% ile (Mbps)
	-
	1.68
	-
	1.07

	95% ile (Mbps)
	-
	13.94
	-
	13.25


Table E.6-4: Downlink terrestrial UE throughput results with network coordination on data of aerial UEs, considering PDCCH error for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	-
	75.13
	-
	95.4

	Average (Mbps)
	-
	17.39(-2.6%)
	-
	9.64(-5.2%)

	5% ile (Mbps)
	-
	2.23(-6.7%)
	-
	0.86(-8.5%)

	50% ile (Mbps)
	-
	13.32(-3.8%)
	-
	6.05(-7.6%)

	95% ile (Mbps)
	-
	48.90(2.7%)
	-
	33(-4.3%)


Table E.6-5: Downlink aerial UE throughput results with network coordination on data of aerial UEs, considering PDCCH error for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	-
	75.13
	-
	95.4

	Average (Mbps)
	-
	4.47(20.8%)
	-
	3.02(4.9%)

	5% ile (Mbps)
	-
	0.43(30.3%)
	-
	0.3(15.4%)

	50% ile (Mbps)
	-
	2.01(19.6%)
	-
	1.13(5.6%)

	95% ile (Mbps)
	-
	15.05(8%)
	-
	13.49(1.8%)


Table E.6-6: Downlink terrestrial UE throughput results with network coordination on both data and control of aerial UEs, considering PDCCH error for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	-
	75.13
	-
	95.4

	Average (Mbps)
	-
	17.61(-1.3%)
	-
	9.76(-4.0%)

	5% ile (Mbps)
	-
	2.35(-1.7%)
	-
	0.93(-1.1%)

	50% ile (Mbps)
	-
	13.5(-2.5%)
	-
	6.18(-5.6%)

	95% ile (Mbps)
	-
	48.91(2.7%)
	-
	33.1(-4.0%)


Table E.6-7: Downlink aerial UE throughput results with network coordination on data and control, considering PDCCH error for UMa-AV from Source 1 (R1-1719467 [b29])
	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	RU (%)
	-
	75.13
	-
	95.4

	Average (Mbps)
	-
	4.6(24.3%)
	-
	3.14(9.0%)

	5% ile (Mbps)
	-
	0.49(48.5%)
	-
	0.37(42.3%)

	50% ile (Mbps)
	-
	2.07(23.2%)
	-
	1.17(9.3%)

	95% ile (Mbps)
	-
	15.25(9.4%)
	-
	13.55(2.3%)


/************************ End of Text Proposal **************************/
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