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Introduction
According to [1], one of the objectives of the study on Enhanced Support for Aerial Vehicles is as follows.
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
Regarding interference mitigation, many conclusions were reached during RAN1#90, as listed below with the relevant aspects to be discussed in the current contribution highlighted in bold.
· Conclusion:  For aerial UE uniformly distributed between 1.5 m and 300 m in UMa-AV, it is observed from the 5%ile geometry results that aerial UEs statistically experience worse downlink geometry than terrestrial UEs
· The degradation is due to more downlink inter-cell interference from multiple cells 
· Conclusion: Study and identify solutions to address the degraded downlink geometry of aerial UEs
· Including both standards transparent solutions and standards enhancements
· companies are encouraged to study the interference impact on both control and data channels
· if performance degradation is identified, solutions for identified problem should be studied
In this contribution, we study the DL SINR experienced by aerial UEs. As expected, aerial UEs may experience low SINR values due to more downlink inter-cell interference from multiple cells, and perhaps not surprisingly, in some cases lower than the minimum required SINR required for normal LTE common and control channels.
We discuss how coverage extension introduced in LTE-M can be used for an aerial UE in poor DL SINR condition to acquire network synchronization (through PSS and SSS), system information (through PBCH and PDSCH) and have reliable DL control channel performance (PDCCH/MPDCCH).
DL SINR of Aerial UEs
In this section, we present evaluation results on DL SINR of aerial UEs. Among the 5 agreed simulation cases below, we evaluated Case 5 as this is the most challenging case as far as DL SINR is concerned. The simulations were set up according to the RAN1 agreements [2].
· Case 1: 0 aerial UE per sector for reference
· Case 2: 1 aerial UE per 10 sectors
· Case 3: 1 aerial UE per sector
· Case 4: 3 aerial UEs per sector
· Case 5: 5 aerial UEs per sector
The SINR statistics are collected among aerial UEs, according to three different traffic loads. These three traffic loads are selected based on low, medium, and high load conditions. SINR statistics for the UMa-AV scenario are shown in Figure 1. We see that the 5th-percentile DL SINR can be as low as -7.7 dB.
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Figure 1: DL SINR experienced by aerial UEs. (UMa-AV, Case 5)

We further examine DL geometry SINR, which corresponds to scenarios whether all the eNBs in the network transmit at full power. The DL geometry SINR is thus independent of traffic load. In certain network deployments, eNBs may be SFN-synchronized, which is a possible setup when MBSFN and PRS are supported. In such scenarios, all the eNBs may transmit SCH and PBCH at the same time. Thus, DL geometry SINR may be representative of link quality for SCH and PBCH in an SFN -synchronized network. The statistics of DL geometry SINR as experienced by ground and aerial UEs in UMa-AV scenario are shown in Figure 2. Here, we see that the 5th-percentile DL geometry SINR can be as low as -9.6 dB.
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Figure 2: DL geometry SINR experienced by aerial UEs (UMA-AV scenario)

The link budget of normal LTE is summarized in [3] and shown in Table 1. The main focus of the present contribution in on DL common and control channel performance. PDSCH link budget is included here as it is also used to carry system information. Comparing the minimum SINR requirements of SCH, PBCH, PDCCH, and PDSCH to the SINR distributions in Figures 1-2, we see that most of the aerials UEs have sufficient link quality to receive SCH, PBCH, PDCCH, and PDSCH reliably. However, a small percentage of aerial UEs would require coverage enhancement. Equivalently, for an aerial UE moving randomly, there is a small fraction of time the aerial UE experience poor link quality.
Observation 1: Most of the aerials UEs have sufficient link quality to receive SCH, PBCH, PDCCH, and PDSCH reliably. However, a small percentage of aerial UEs would require coverage enhancement.



Table 1: LTE link budget for all the DL physical channels.
	Physical channel name
	PDSCH
	PBCH
	SCH
	PDCCH
(1A)

	Data rate(kbps)
	20
	
	
	

	Transmitter
	
	
	
	

	Max Tx power  (dBm)
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	
-109.4 
	
-104.7
	
-104.7
	
-98.6 

	(7) Required SINR (dB)
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	
-113.4 
	
-112.2 
	
-112.5 
	
-103.34 

	(9) MCL 
         = (1)  (8) (dB)
	
145.4
	
149.0
	
149.3
	
146.1



Coverage enhancement
Coverage extension (CE) is a key feature introduced in 3GPP Rel-13, mainly targeting Cat-M1 UEs but not limited to LTE-M devices.  Thus, one mitigation solution for DL common and control channels (i.e. SCH, PBCH, PDCCH, and PDSCH carrying system information) is to use the CE features, since the CE features can be adopted by non-bandwidth-limited UEs as well. A good tutorial on LTE-M coverage can be found in [4].
LTE-M targets 155.7 dB maximum coupling loss (MCL) [4], and the link budget for all the DL physical signals and channels to achieve this MCL is shown in Table 2. LTE-M achieves coverage extension mainly throughput repetitions. The required SINR for achieving 155.7 dB MCL is also shown in Table 2. We see that these SINRs (~-14.3 dB) can be met by all the aerial UEs in all the scenarios studied in Section 2.
As shown in [4], LTE-M in fact exceeds the 155.7 dB MCL target. This means that the minimally required SINR is lower than the values in Table 2. Note also that LTE-M targets low-complexity, low-cost UEs. Thus, the 155.7 dB MCL is achievable for UEs with single receive antenna. For UEs with dual receive antennas, the MCL would be significantly higher, thanks to receiver combining gain.
Observation 2: LTE-M coverage extension solutions can be applied to an aerial UE when its downlink SINR falls below the normal LTE coverage. With LTE-M coverage extension, all the aerial UEs in all the scenarios studied can reliably receive DL common and control channels. (i.e. SCH, PBCH, PDCCH, and PDSCH carrying system information).
[bookmark: _GoBack]Proposal 1: LTE-M coverage extension techniques can be used for an aerial UE in poor DL SINR condition to acquire network synchronization (through PSS and SSS), system information (through PBCH and PDSCH) and have reliable DL control channel performance (PDCCH/MPDCCH).

Table 2: LTE-M link budget for all the DL physical channels.
	Physical channel name
	PDSCH
	PBCH
	SCH
	MPDCCH

	Data rate(kbps)
	20
	
	
	

	Transmitter
	
	
	
	

	Max Tx power  (dBm)
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	32.0
	36.8
	36.8
	36.8

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	
-109.4 
	
-104.7
	
-104.7
	
-104.7

	(7) Required SINR (dB)
	-14.3 
	-14.2 
	-14.2 
	-14.2 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	
-123.7 
	
-118.9 
	
-118.9 
	
-118.9 

	(9) MCL 
         = (1)  (8) (dB)
	
155.7
	
155.7
	
155.7
	
155.7



Conclusions
In this contribution, we have presented DL SINR simulation results based on the UMa-AV scenario. We present LTE-M coverage extension as a DL interference mitigation solution to ensure that aerial UEs can reliably receive common and control channels, i.e. SCH, PBCH, PDCCH, and PDSCH carrying system information, in all cases. The below observations and proposal are made based on the results and discussion presented in this contribution.
[bookmark: _In-sequence_SDU_delivery]Observation 1: Most of the aerials UEs, even under the most challenging cases, have sufficient link quality to receive SCH, PBCH, PDCCH, and PDSCH reliably. However, a small percentage of aerial UEs would require coverage enhancement.
Observation 2: LTE-M coverage extension solutions can be applied to an aerial UE when its downlink SINR falls below the normal LTE coverage. With LTE-M coverage extension, all the aerial UEs in all the scenarios studied can reliably receive common and control channels. (i.e. SCH, PBCH, PDCCH, and PDSCH carrying system information).
Proposal 1: LTE-M coverage extension techniques can be used for an aerial UE in poor DL SINR condition to acquire network synchronization (through PSS and SSS), system information (through PBCH and PDSCH) and have reliable DL control channel performance (PDCCH/MPDCCH).
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