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Background
An SID on enhanced LTE support for aerial vehicles has been approved in RAN#75 [1]. The main objective is to evaluate whether the current LTE network deployment, with BS antennas targeting terrestrial coverage and possibly with certain enhancement, is suitable for serving the aerial vehicles, especially for the low altitude aerial vehicles such as drones. 
In RAN1#88bis [2], the following performance metrics have been agreed to be considered for aerial study:
· Packet throughput 
· UL and DL packet throughput statistics for aerial UEs Data traffic
· UL and DL packet throughput statistics for all UEs Data traffic
· UL and DL packet throughput statistics of terrestrial UEs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference
· FFS other DL statistics such as RSRP and RSRQ
· Other metrics are not precluded
In this contribution, we provide some preliminary simulation to evaluate the performance of LTE support for aerial vehicles in terms of throughput and interference.
Remaining simulation assumptions for aerial UEs
Some simulation assumptions has been agreed in RAN1#88bis. However, there are still many attributes which are under determination.
1) Channel model
In [3], we have pointed out that the existed channel model either in TR36.873 or TR38.901 is not suitable to be directly applied for the evaluation of aerial vehicles, especially for the NLoS cases. Different options have been offered to enhance the channel model. We provide our proposed enhancement on the channel model in [4] and [5].
Before the conclusion to be made on channel model, we assume that all the aerial UTs are in LoS condition in this preliminary simulation in order to avoid the incorrect NLoS PL calculation for the UT height larger than 22.5m. More refined results will be updated once the channel model for aerial UTs has been nailed down.
2) Traffic model
Appropriate traffic model should be introduced in the system-level simulations, such as connection density, packet size and packet arrival rate. The traffic model of aerial vehicles can be quite different from that of terrestrial UEs. Even for the aerial vehicle itself, the data traffic can be various different according to different use cases. For example, for the consumer use case such as real-time video transmission, the data rate can be up to 60 Mbps and the data packet should be on the level of Mbytes. While for the other use cases such as transportation, the traffic is mainly initiated by command and control, where the packet is relatively small but the packet arrival rate should be quite high in order to meet the critical requirement of low transmission latency. 
3) Power control parameters
Since a new type of aerial UTs is introduced in the LTE networks, the legacy terrestrial UTs will suffer additional UL interferences caused by the aerial UTs. The inter-cell interference could be quite strong due to the high probability of LoS propagation between an aerial UT and multiple neighboring base stations. Therefore, power control could be one solution to reduce the interferences. Appropriate open loop power control (OLPC) parameters should be derived to optimize the throughput for the aerial UTs and meanwhile minimize the interference to the terrestrial UTs. The power control parameters of aerial UT can be different from that of terrestrial UT due to the different interference levels.
4) Number of sites
The other open issue is that whether more sites should be involved in system-level simulations in order to model the inter-cell interference more accurately. Figure 1 shows the comparison of simulated DL SINR between 19 sites and 37 sites in UMa scenario for terrestrial UT and aerial UT respectively. The attitude of aerial UT is uniformly distributed in [1.5 ~ 150] m. It can be found that introducing more sites in the simulation would have little influence on the interference of terrestrial UT, but can improve the accuracy of aerial UT by approximately 1.5 dB. The results illustrates that the interferences from the third-ring sites cannot be neglected, especially for UMi and UMa scenarios where the ISD is not quite large. More rings of sites may further improve the modelling accuracy of total interferences. However, the simulation complexity would rise drastically with the number of sites increases. An alternative way is that the set of 19 sites remains in the simulation and on the base of that, a fudge factor should be added on the SINR calculation of aerial UTs.
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(a) Terrestrial UT                                                (b) Aerial UT
[bookmark: _Ref481789602]Figure 1 Comparison of simulated DL SINR between 19 sites and 37 sites in UMa scenario.
Proposal 1: The capability of LTE support for aerial vehicles should be evaluated by system-level simulation at least with appropriate channel model, traffic model, power control parameters.
Proposal 2: A fudge factor should be added on the SINR calculation of aerial UT if 19 sites is adopted in the simulation for aerial vehicles.
Preliminary performance evaluation
DL
In this section, preliminary system level simulations are conduct to evaluate the potential impact of aerial UE on the legacy UT. The simulation assumptions are listed in Table 1 in the Appendix. 
For the DL, throughput is selected as the evaluation metric. Two cases are considered for the comparison: 1) both terrestrial and aerial UTs exist in the cell; 2) only terrestrial UTs in the cell.  In the former case we distributed 10 terrestrial UTs and 5 aerial UTs per sector and in the latter case 15 terrestrial UTs are distributed in each sector. The data traffic is assumed to be the same for both aerial UT and terrestrial UT.
Figure 1 illustrates the statistics of throughput for terrestrial UTs with and without aerial UT in the cell, with the resource utilization of 50% and 80% respectively. It can be found in Figure 1 that the inclusion of aerial UT has nearly no influence on the DL throughput of terrestrial UT. This is reasonable because the additional aerial UT does not change the geometry or the scheduling opportunity of the legacy terrestrial UTs.
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[bookmark: _Ref481617885]Figure 2 Statistics of throughput for terrestrial UTs with and without aerial UT in the cell.
Figure 2 shows the comparison of throughput between terrestrial UTs and aerial UTs, with the resource utilization of 50% and 80% respectively. Since all the aerial UT are assumed to be LoS, we only select the terrestrial UT with LoS condition to make a fair comparison. It can be found that the throughputs of aerial UTs are less than terrestrial UTs. The results are coincident with the analysis of SIR in our previous contribution [3], i.e. although the DL coverage may not be a problem for the aerial vehicles supported by LTE network, most of the aerial UTs are in poor SIR due to significant inter-site interferences. In this case, DL interference coordination schemes such as DPS/DPB (dynamic point selection/blank), non-coherent JT (joint transmission) and CS/CB (coordinated scheduling/beamforming) with large coordinate set in CoMP study [6][7] can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
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[bookmark: _Ref481619380]Figure 3 Statistics of throughput for terrestrial UT and aerial UT.
Observation 1: DL throughput of terrestrial UT will not be affected by the inclusion of additional aerial UTs.
Observation 2: DL throughput of aerial UT is inferior to that of terrestrial UT due to more severe inter-site interferences.
Proposal 3: DL interference coordination schemes such as DPS/DPB, non-coherent JT and CS/CB in CoMP study can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
UL
For the UL, interference is more of interests and therefore we choose SINR as the evaluation metric. Those two cases similar as DL are considered for the comparison: 1) both terrestrial and aerial UTs exist in the cell; 2) only terrestrial UTs in the cell.
Figure 3 illustrates the statistics of SINR for terrestrial UTs with and without aerial UT in the cell, under different power control parameters. It can be found that the inclusion of aerial UT has significant influence on the SINR of terrestrial UT, caused by the additional uplink inter-cell interferences. The loss of SINR can be alleviated by setting the power control parameters appropriately, e.g. P0 = -100 dBm and alpha = 0.95. But still the average SINR is reduced by 3 dB and the maximum SINR is reduced by nearly 5 dB.
Figure 4 illustrates the statistics of SINR for aerial UTs with different power control parameters. Similar to DL, the UL SINR of aerial UT is limited due to the inter-cell-interferences. To minimize the influence on the terrestrial UT, a strict power control should be set for the aerial UTs, but at the meantime the SINR of aerial UT is limited and thus it can be imagined that the throughput is limited as well. Note that this results only represents for the aerial UTs in LoS conditions, the SINR would be even worse for the NLoS aerial UTs. In this case, UL interference coordination schemes such as OI (interference overhead indication) and HHI (high interference indication) in CoMP study [6][7] can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
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(a) [bookmark: _Ref481653989]Varying P0, fixed 			 (b) Fixed P0, varying 
Figure 4 statistics of SINR for terrestrial UTs with and without aerial UT in the cell
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(a) [bookmark: _Ref481653998]Varying P0, fixed 			 (b) Fixed P0, varying 
Figure 5 statistics of SINR for aerial UTs under different power control parameters
Observation 3: UL SINR of terrestrial UT will be deteriorated by the inclusion of additional aerial UTs.
Proposal 4: Appropriate OLPC parameters (e.g. P0=-100 dBm, =0.95) should be determined to optimize the throughput for the aerial UTs and meanwhile minimize the interference to the terrestrial UTs.
Proposal 5: In addition to OLPC, UL interference coordination schemes such as OI/HHI in CoMP study can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
Conclusions
In this contribution, preliminary system level performance are evaluated for the aerial vehicles and its impact on legacy terrestrial UTs. Based on the simulation results, we make the following observations and proposal:
Observation 1: DL throughput of terrestrial UT will not be affected by the inclusion of additional aerial UTs.
Observation 2: DL throughput of aerial UT is inferior to that of terrestrial UT due to more severe inter-site interferences.
Observation 3: UL SINR of terrestrial UT will be deteriorated by the inclusion of additional aerial UTs.
Proposal 1: The capability of LTE support for aerial vehicles should be evaluated by system-level simulation at least with appropriate channel model, traffic model and power control parameters.
Proposal 2: A fudge factor should be added on the SINR calculation of aerial UT if 19 sites is adopted in the simulation for aerial vehicles.
Proposal 3: DL interference coordination schemes such as DPS/DPB, non-coherent JT and CS/CB in CoMP study can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
Proposal 4: Appropriate OLPC parameters (e.g. P0=-100 dBm, =0.95) should be determined to optimize the throughput for the aerial UTs and meanwhile minimize the interference to the terrestrial UTs.
Proposal 5: In addition to OLPC, UL interference coordination schemes such as OI/HHI in CoMP study can be considered to alleviate the interference among neighbouring sites, targeting for different heights of UT.
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Appendix
[bookmark: _Ref471224332]Table 1 Simulation assumptions for the performance evaluation
	Parameter
	For terrestrial UT
	For aerial UT

	Layout
	Macro layer: Hex. Grid, 37 sites, 3 sectors per site

	Inter-BS distance 
	500m

	Carrier frequency 
	2GHz

	Simulation bandwidth
	20MHz (50 PRBs)

	UE number per sector
	10
- Uniform/macro TRP 
- 80% indoor (3km/h), 20% outdoor (30km/h)
	5
Uniform in xy-plane

	Channel model
	3D Uma

	LoS probability
	Follow TR38.901
	LoS-only

	BS Tx power 
	49 dBm

	UE Tx power 
	23 dBm

	BS antenna configurations
	2 cross-polarized

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	Follow TR38.901

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 cross-polarized

	UE antenna height
	Follow TR38.901, multiple floor
	Uniformly distributed 1.5~150m

	UE antenna gain
	Omnidirectional, 0 dBi

	UE receiver noise figure
	9 dB

	Min. BS – UT distance 
	35 m

	Traffic model
	FTP model 3 with packet arrival according to Poisson process

	Packet arrival rate 
(resource utilization)
	1 and 1.5 packet/s/sector
(50 and 80)

	Packet size
	Fixed 0.5 MB

	Max. retransmission
	4

	UE receiver
	MMSE-IRC 

	Power control
	Open loop power control, with different P0 and 

	Feedback assumption
	Ideal

	Channel estimation
	Ideal

	Metric
	1. DL: Throughput per UE
2. UL: SINR distribution
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