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1 Introduction

This contribution provides a text proposal for interference mitigation technique of network coordination, which can be incorporated in the TR 36.777 for Study on Enhanced LTE Support for Aerial Vehicles. 

/************************ Start of Text Proposal **************************/

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.
7.1.2 Network Coordination
A dedicated DL resource can be reserved for aerial UEs within PDSCH region. Multiple physical cells can use this dedicated resource to serve an aerial UE in a cooperative manner. The physical cells within the same coordinated set can jointly transmit common signal/channels (e.g., synchronization signal and PBCH), control channel and data channel of aerial UEs. The coordinated cells construct a large virtual cell for aerial UEs, and aerial UEs are transparently by the virtual cell.
The DL SINR and throughput can be improved for aerial UEs via network coordination. Meanwhile, the handover frequency can also be decreased using network coordination.

The evaluation results for this solution are given in Section F.3.
/************************ Unchanged parts omitted**************************/

F.3 Evaluation results for Network Coordination
In this section, the downlink throughput results for all UEs with network coordination are presented for UMa-AV.  The results from 1 source are given in Table F.3-1 and Table F.3-2.  From these results, the following can be observed:
· Network coordination can significantly improve the throughput for aerial UEs at the cost of minor throughput reduction for terrestrial UEs.

Table 3: Network coordination on data, considering PDCCH error 

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.39(-2.57%)
	4.47(20.8%)
	14.09(-0.35%)
	9.64(-5.2%)
	3.02(4.8%)
	8.5(-3.29%)

	5% ile (Mbps)
	2.23(-6.3%)
	0.43(30.3%)
	0.65(3.9%)
	0.86(-8.1%)
	0.3(15.38%)
	0.43(-8.5%)

	50% ile (Mbps)
	13.32(-3.3%)
	2.01(19.6%)
	9.03(-2.6%)
	6.05(-7.5%)
	1.13(5.6%)
	4.77(-6%)

	95% ile (Mbps)
	48.90(2.7%)
	15.05(8%)
	47.35(3%)
	33(-4.2%)
	13.49(1.8%)
	30.6(-2.8%)


Table 4: Network coordination on data and control, considering PDCCH error

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.61(-1.3%)
	4.6(25%)
	14.30(1.2%)
	9.76(-3.6%)
	3.14(9.47%)
	8.69(-1.4%)

	5% ile (Mbps)
	2.35(-1.3%)
	0.49(49%)
	0.67(12.8%)
	0.93(-0.9%)
	0.37(45.2%)
	0.46(1.5%)

	50% ile (Mbps)
	13.5(-2.4%)
	2.07(23.3%)
	9.16(-1.2%)
	6.18(-5.5%)
	1.17(10.47%)
	4.87(-4%)

	95% ile (Mbps)
	48.91(2.7%)
	15.25(8.2%)
	47.4(3.1%)
	33.1(-3.8%)
	13.55(2.27%)
	30.71(-2.5%)


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

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 source 1 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.


The results from source 2 are given in Figure G-1 and Figure G-2.  From these results, the following can be observed:

· C&C service does not satisfy the DL reliability requirement considering the impact of unsuccessful PDCCH detection.
· 97.27% and 92.13% of drones can satisfy the requirement of 50 ms, which does not satisfy the requirements.
· DL reliability for C&C service can be improved to satisfy the requirement with network coordination with enhanced PDCCH.
· For the network coordination for both data channel and control channel, 99.93% and 99.12% of the drones satisfy the 50 ms latency at low and high traffic.
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Figure G-1: Reliability results for C&C traffic with PDCCH error in low/high traffic from ground UE with network coordination and non-enhanced PDCCH

[image: image3.png]CODF

DL Latency for C&C trafiic with network coordination and enhanced PDCCH, low trafiic
1 »

= T T T

09

08

07

06

05

04

03

02

01

i i i i i i i
25 & 75 i 125 10 175 20
Latency (ms)




 [image: image4.png]DL Latency for C&C traffic with network coordination and enhanced PDCCH, high traffic
1 »

CODF

i i i i i i i
25 & 75 i 125 10 175 20
Latency (ms)





Figure G-2: Reliability results for C&C traffic with PDCCH error in low/high traffic from ground UE with network coordination and enhanced PDCCH

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

