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Introduction
In RAN#75, the study item on enhanced LTE support for aerial vehicles was approved [1]. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to aerial vehicles. In RAN1#88bis, several evaluation assumptions were agreed for evaluating the performance of using LTE network deployments with base station antennas targeting terrestrial coverage to serve low altitude aerial vehicles (a.k.a., drones). In this contribution, we discuss the remaining evaluation assumptions.
[bookmark: _Ref178064866]Discussion
BS antenna pattern
Choosing a reasonably accurate BS antenna pattern is important for the performance evaluation, since the low altitude aerial vehicles will likely be served by the sidelobes of down-tilted antennas when flying in the sky. To this end, a good starting point is to examine the existing BS antenna pattern in 3GPP, e.g. the one in TR 36.814 [2]. The BS antenna pattern in TR 36.814, however, adopts an over simplified model in the vertical domain. The vertical antenna gain is constant (-20dB) beyond the 3dB beamwidth (10 degrees). 
To model more accurately the sidelobes while maintaining evaluation simplicity, one approach could be to use a vertical array of 8 elements to synthesize a vertical pattern. Specifically, to model the antenna pattern of 2 cross polarized Tx/Rx, we could use cross polarized FD-MIMO configuration with (M, N, P) = (8, 1, 2) (here, M denotes the number of vertical elements, N denotes the number of horizontal elements, and P denotes polarization), 0.5λ or 0.8λ spacing of vertical elements, and the antenna element pattern in TR 36.873 [3]. The synthesized vertical beam patterns with 10 degree down-tilting are illustrated in Figure 1. 
[image: C:\local_data\Air2ground\RAN1_89\point5lambda.png][image: C:\local_data\Air2ground\RAN1_89\point8lambda.png]
[bookmark: _Ref481743231]Figure 1: Synthesized vertical beam pattern with (M, N, P) = (8, 1, 2), antenna element according to TR 36.873, and 10 degree down-tilting. Left: 0.5λ spacing; right: 0.8λ spacing
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Terrestrial UT height
The evaluation assumptions on the terrestrial UT height for FD-MIMO (UMi/UMa/RMa) and non FD-MIMO (RMa) was agreed in RAN1#88bis. For non FD-MIMO (UMi/UMa), there was a concern of reusing the same assumptions as FD-MIMO. This is because indoor terrestrial UT height can be up to 22.5m in FD-MIMO (UMi/UMa), and non FD-MIMO networks may not be able to well cover the indoor terrestrial UTs with height up to 22.5m. 
The objective of this study item is to evaluate the performance of using LTE network deployments with base station antennas targeting terrestrial coverage to serve low altitude aerial vehicles. Though the maximum height (e.g. 150m) of low altitude aerial vehicles is yet to be agreed, the heights of low altitude aerial vehicles will likely be much higher than 22.5m. Accordingly, the impact of low altitude aerial vehicles will likely be larger when the ratios of low altitude aerial vehicles and of terrestrial UTs are comparable. Thus, it is acceptable to use the same terrestrial UT height in non FD-MIMO (UMi/UMa) as in FD-MIMO (UMi/UMa).
With the same terrestrial UT height for non FD-MIMO (UMi/UMa), it will also be easier to compare the results with those of FD-MIMO (UMi/UMa) and help simplify simulation setup to some extent.
[bookmark: _Toc480804082][bookmark: _Toc480806350][bookmark: _Toc480811461][bookmark: _Toc480981918][bookmark: _Toc480982519][bookmark: _Toc480982550][bookmark: _Toc480982568][bookmark: _Toc480982629][bookmark: _Toc480988492][bookmark: _Toc481675319][bookmark: _Toc481675352][bookmark: _Toc481675570][bookmark: _Toc481675592][bookmark: _Toc481675609][bookmark: _Toc481740553][bookmark: _Toc481743012][bookmark: _Toc481807178][bookmark: _Toc481810453]For the terrestrial UT height in non FD-MIMO (UMi/UMa), consider using the same terrestrial UT height as in FD-MIMO (UMi/UMa).
 Number of UTs and aerial UT ratio
The total number of UTs (indoor terrestrial UTs + outdoor terrestrial UTs + aerial UTs) per sector was proposed to be 15 which is yet to be agreed. 10 UTs per sector are a common 3GPP evaluation assumption for terrestrial system simulation; see e.g. [4]. The additional 5 UTs provide room to model low altitude aerial vehicles. Dropping more than 15 UTs per sector may increase simulation burden and time. Thus, it is proposed that RAN1 agrees on using 15 UTs per sector for the evaluation in this study item.  
It is expected that using LTE network deployments with base station antennas targeting terrestrial coverage can provide satisfactory connectivity quality if the density of low altitude aerial vehicles is not large. However, if the density of low altitude aerial vehicles is too high, it may be challenging to use LTE network deployments with base station antennas targeting terrestrial coverage and without enhancements to provide satisfactory connectivity quality. The density of low altitude aerial vehicles that can be supported also depends on scenarios. For the study item, it is necessary to explore several representative densities of low altitude aerial vehicles to better understand the potential of LTE networks. For example, assuming 15 UTs per sector, one may consider the following representative densities of low altitude aerial vehicles in the evaluation:
· Sparse: 1 aerial UT per sector
· Medium: 3 aerial UTs per sector
· Dense: 5 aerial UTs per sector

[bookmark: _Toc480804083][bookmark: _Toc480806351][bookmark: _Toc480811462][bookmark: _Toc480981919][bookmark: _Toc480982520][bookmark: _Toc480982551][bookmark: _Toc480982569][bookmark: _Toc480982630][bookmark: _Toc480988493][bookmark: _Toc481675320][bookmark: _Toc481675353][bookmark: _Toc481675571][bookmark: _Toc481675593][bookmark: _Toc481675610][bookmark: _Toc481740554][bookmark: _Toc481743013][bookmark: _Toc481807179][bookmark: _Toc481810454]RAN1 agrees that the total number of UTs (indoor terrestrial UTs + outdoor terrestrial UTs + aerial UTs) per sector is 15.
[bookmark: _Toc480804084][bookmark: _Toc480806352][bookmark: _Toc480811463][bookmark: _Toc480981920][bookmark: _Toc480982521][bookmark: _Toc480982552][bookmark: _Toc480982570][bookmark: _Toc480982631][bookmark: _Toc480988494][bookmark: _Toc481675321][bookmark: _Toc481675354][bookmark: _Toc481675572][bookmark: _Toc481675594][bookmark: _Toc481675611][bookmark: _Toc481740555][bookmark: _Toc481743014][bookmark: _Toc481807180][bookmark: _Toc481810455]RAN1 studies different aerial UT ratios. For example, consider 3 aerial UT ratios, 1/15, 3/15, 5/15, if the total number of UTs per sector is 15.
UT mobility
For the terrestrial UT mobility values, it is preferred to choose the commonly used values in 3GPP simulations for the ease of progress and aligning with the past results. It is further preferred that the mobility values can cover a relatively wide range of mobility scenarios, ranging from low mobility to high mobility (e.g., 3km/h, 30km/h, and 120km/h [2]). However, RAN1 should strive selecting a minimal set of terrestrial UT mobility values to keep evaluation burden reasonable. Therefore, we propose that 3km/h in UMi, 30km/h in UMa, and 120km/h in RMa are used for evaluation.
[bookmark: _Toc480811464][bookmark: _Toc480981921][bookmark: _Toc480982522][bookmark: _Toc480982553][bookmark: _Toc480982571][bookmark: _Toc480982632][bookmark: _Toc480988495]For the aerial UT mobility values, RAN2 will discuss requirements and parameter identification in RAN2#98, including the speeds of aerial UTs. After agreements are reached in RAN2, RAN1 can then choose appropriate aerial UT mobility values, considering the RAN2 agreements.
[bookmark: _Toc481675322][bookmark: _Toc481675355][bookmark: _Toc481675573][bookmark: _Toc481675595][bookmark: _Toc481675612][bookmark: _Toc481740556][bookmark: _Toc481743015][bookmark: _Toc481807181][bookmark: _Toc481810456]For the indoor terrestrial UT mobility values, consider 3km/h in UMi/UMa/RMa as evaluation assumptions.
[bookmark: _Toc481675323][bookmark: _Toc481675356][bookmark: _Toc481675574][bookmark: _Toc481675596][bookmark: _Toc481675613][bookmark: _Toc481740557][bookmark: _Toc481743016][bookmark: _Toc481807182][bookmark: _Toc481810457]For the outdoor terrestrial UT mobility values, consider 3km/h in UMi, 30km/h in UMa, and 120km/h in RMa as evaluation assumptions.
[bookmark: _Toc480811465][bookmark: _Toc480981922][bookmark: _Toc480982523][bookmark: _Toc480982554][bookmark: _Toc480982572][bookmark: _Toc480982633][bookmark: _Toc480988496][bookmark: _Toc481675324][bookmark: _Toc481675357][bookmark: _Toc481675575][bookmark: _Toc481675597][bookmark: _Toc481675614][bookmark: _Toc481740558][bookmark: _Toc481743017][bookmark: _Toc481807183][bookmark: _Toc481810458]For the aerial UT mobility values, RAN1 waits for the input from RAN2.
Min. BS – Aerial UT distance
The evaluation assumptions on the minimum BS – Terrestrial UT distance (2D) were agreed in RAN1#88bis. The values follow the commonly used values in 3GPP simulations, i.e., 10m/35m/35m for UMi/UMa/RMa. 
For the evaluation assumptions on the minimum BS – Aerial UT distance, it was proposed to use the same 2D values as in the terrestrial case. This would imply that aerial UTs would not be dropped above the BSs. Some company commented in the meeting that such restriction is not necessary for aerial UTs. Whether aerial UTs can fly above the BSs or not might depend on regulations, which is a discussion probably outside the scope of this study item. Further, the impact of such restriction is quite minor. For example, Table 1 shows that the ratios of non-dropping area to the total area with existing minimum BS – UT distances (2D) are quite small. Therefore, for ease of evaluation and progress, we propose that RAN1 agrees that the same minimum BS – UT distances are for the dropping of aerial UTs.
	Scenario
	UMi AV
	UMa AV
	RMa AV

	ISD (m)
	200
	500
	1732

	Minimum BS – Aerial UT distance (2D) (m)
	10
	35
	35

	Ratio of non-dropping area to the total area
	2.72%
	5.33%
	0.44%


[bookmark: _Ref480810763] Table 1: Ratios of non-dropping area to the total area with existing minimum BS – UT distances (2D)
[bookmark: _Toc480811466][bookmark: _Toc480981923][bookmark: _Toc480982524][bookmark: _Toc480982555][bookmark: _Toc480982573][bookmark: _Toc480982634][bookmark: _Toc480988497][bookmark: _Toc481675325][bookmark: _Toc481675358][bookmark: _Toc481675576][bookmark: _Toc481675598][bookmark: _Toc481675615][bookmark: _Toc481740559][bookmark: _Toc481743018][bookmark: _Toc481807184][bookmark: _Toc481810459]RAN1 agrees that the minimum BS – Terrestrial UT distances are also used for the dropping of aerial UTs. 
Traffic model
In RAN1#88bis, companies tended to share the common view that the traffics of low altitude aerial vehicles can be broadly divided into two categories: (1) data based traffic, and (2) command and control traffic. It is also a common understanding that the command and control traffic may have different characteristics compared to the data based traffic. It is for further study that from system perspective, whether a mix of data based traffic model and command and control based traffic models for terrestrial and aerial UEs should be considered or not for evaluations.
Note that different types of traffics associated with different models and characteristics exist even in the terrestrial only networks. For example, the traffic of real time service uses a different model (e.g. VoIP model) compared to the bursty traffic model (e.g. FTP model). However, in the 3GPP evaluations different traffic models are rarely mixed. In practice, QoS Class Identifier (QCI) is used in LTE networks to ensure bearer traffic is allocated appropriate Quality of Service (QoS). Different QCI values can be associated with different bearer traffic to help achieve the different QoS. 
Considering the limited time of the study item and that it is not a common practice for 3GPP to evaluate the network performance with mixed traffic models in RAN1, we propose that a mix of data based traffic model and command and control based traffic models for terrestrial and aerial UEs is not considered for evaluations. That said, we are open to accept using different traffic models for command and control traffic and data based traffic, as long as they are separately evaluated.
For data based traffic, it was agreed that FTP model 3 should be used for UL/DL. It is still yet to decide the file size in FTP model 3. We propose to use the commonly used file size of 0.5 Mbytes, as used in e.g. [4]. Then inter-arrival times can be adjusted in the simulator to achieve the agreed resource utilization values of 20% and 50%.
For command and control traffic, it is expected that the traffic is likely to have the following characteristics:
· Fixed packet size
· Periodic
Therefore, the command and control traffic tends to share similar characteristics of VoIP traffic. For example, the VoIP traffic model used in LAA work [4] is based on G.729A (data rate is 24 kbps)
· Packet inter-arrival time: 20 ms
· Packet size: 60 bytes (payload plus IP header overhead)
We can consider using a similar model for the command and control traffic as follows, resulting in a date rate of 100 kbps.
· Packet inter-arrival time: [400] ms
· Packet size: [5] kbytes (payload plus IP header overhead)
[bookmark: _Toc481810448]It is not a common practice for 3GPP to evaluate network performance with mixed traffic models in RAN1.
[bookmark: _Toc480988498][bookmark: _Toc481675326][bookmark: _Toc481675359][bookmark: _Toc481675577][bookmark: _Toc481675599][bookmark: _Toc481675616][bookmark: _Toc481740560][bookmark: _Toc481743019][bookmark: _Toc481807185][bookmark: _Toc481810460]A mix of data based traffic model and command and control based traffic models for terrestrial and aerial UEs is not considered for evaluations.
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Conclusions
In this contribution, we discuss the remaining evaluation assumptions for the study of enhance LTE support for aerial vehicles. We made the following observation:
Observation 1	It is not a common practice for 3GPP to evaluate network performance with mixed traffic models in RAN1.

Based on the discussion in this contribution, we propose the following:
Proposal 1	Consider using the following FD-MIMO configuration to synthesize the antenna pattern for the case of non FD-MIMO with 2 cross polarized Tx/Rx
	(M, N, P) = (8, 1, 2)
	0.5λ or 0.8λ spacing of vertical elements
	antenna element pattern according to TR 36.873
Proposal 2	For the terrestrial UT height in non FD-MIMO (UMi/UMa), consider using the same terrestrial UT height as in FD-MIMO (UMi/UMa).
Proposal 3	RAN1 agrees that the total number of UTs (indoor terrestrial UTs + outdoor terrestrial UTs + aerial UTs) per sector is 15.
Proposal 4	RAN1 studies different aerial UT ratios. For example, consider 3 aerial UT ratios, 1/15, 3/15, 5/15, if the total number of UTs per sector is 15.
Proposal 5	For the indoor terrestrial UT mobility values, consider 3km/h in UMi/UMa/RMa as evaluation assumptions.
Proposal 6	For the outdoor terrestrial UT mobility values, consider 3km/h in UMi, 30km/h in UMa, and 120km/h in RMa as evaluation assumptions.
Proposal 7	For the aerial UT mobility values, RAN1 waits for the input from RAN2.
Proposal 8	RAN1 agrees that the minimum BS – Terrestrial UT distances are also used for the dropping of aerial UTs.
Proposal 9	A mix of data based traffic model and command and control based traffic models for terrestrial and aerial UEs is not considered for evaluations.
Proposal 10	For data based traffic, RAN1 considers using file size of 0.5 Mbytes in FTP model 3 for evaluation.
Proposal 11	For command and control traffic, RAN1 considers using a traffic model with fixed packet size and periodic packet arrivals.
	Packet inter-arrival time: [400] ms
	Packet size: [5] kbytes (payload plus IP header overhead)
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