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1. Introduction
There has been an emerging service in the mobile industry that a drone is connected to the cellular network as a UE. This paper presents potential new challenges on the drone specific scenario. Key objectives to resolve the new challenge and potential solutions are also explained.
2. Discussion
2.1. Problem statement
Offering mobile communications to a drone has been on trial. According to our field experience, radio propagation characteristics while a drone as a UE is flying in the air is utterly different from the one while a UE is on the ground. As long as the drone is wandering on the ground, it looks like a conventional UE with which the existing cellular network has been dealing. In contrast, once the drone is flying on the air above the BS antenna height, UL signal from the drone becomes much visible to multiple cells due to Line-Of-Sight environments. The UL signal from the drone skyrockets interference in the neighbour cells significantly. The soared interference gives a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. Their perceived throughput performance would be deteriorated. Besides that, the successful rate of RRC connection establishment would plunge.
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Figure 1:

Interference characteristics from a drone as a UE
In addition, two types of “drone UE” are observed in the field. One is a drone equipped with a cellular module. Such a drone UE has passed a certification test for aerial usage. On the other hand, there might be a drone carrying a smartphone. Since a smartphone has passed a certification test for terrestrial usage, such the usage is not permitted from the regulation standpoint. In that sense, UL signal from such the UE can be regarded as jamming.
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Figure 2:

Types of Drone UE
Subsequently, the following new challenges can be observed:
Observation 1:
UL signal from a drone UE flying in the air skyrockets interference in the neighbour cells significantly.
Observation 2:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it is not permitted from the regulation standpoint.

2.2. Key objectives

To tackle the observed challenges, the following key objectives can be envisaged:
Objective #1:

To mitigate interference in the neighbour cells while a drone UE is flying in the air;
Objective #2:
To detect whether UL signal from a drone UE increases interference in multiple neighbour cells;

Objective #3:

To distinguish a rogue drone UE from a certified drone UE.

To open a new market opportunity for drone services, it is worthwhile inventing technologies to accomplish all the objectives in 3GPP.
2.3. Potential solutions

Several potential solutions can be envisaged intuitively, at least for Objective #1 and #2:
#1:

Interference mitigation;

Solution #1-1:

Conditional Max Tx power restriction.
For a drone UE flying in the air, the maximum Tx power is restricted to the lower value than the one on the ground. This can be determined by e.g. the measured RSRP or pathloss. If the measured RSRP is above a threshold (or the pathloss is below a threshold), the maximum Tx power is restricted. This solution can be invented by leveraging multiNS-Pmax [1] or introducing another P-Max [2] with the RSRP/Pathloss-based threshold.
Solution #1-2:

Drone specific open loop TPC parameters.

In LTE, open loop TPC parameters are cell specific and common to all UEs within the cell. For drone UE, the different TPC parameter setting can be considered so that target SIR is set to the lower value even in the small pathloss.
Solution #1-3:

UE Tx beam forming.

UL transmission from drone UE is beam formed to mitigate interference in the neighbour cells.
Overview of these potential solutions is illustrated in Fig.3 below. Solution #1-1 can be handled by RAN2 given that potential specification impacts are limited to the RAN2 specifications. Solution #1-2 could be supported by enabling the UE specific configuration in RRC [2]. On the other hand, TPC is the realm of RAN1 and so Solution #1-2 needs to be consulted by RAN1. Likewise, Solution #1-3 needs to be consulted by RAN4 as the potential impacts are foreseen in the RAN4 specification. Therefore, Solution #1-2 and #1-3 are not likely to be standardised as TEI14.
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Figure 3:

Overview of potential solutions for interference mitigation
#2:

Detecting interference in multiple neighbour cells;

Solution #2-1:

Event triggering measurement report enhancements.
For this objective, the existing event triggered measurement can be used as the measurement report message can include multiple applicable cells for which the entering/leaving condition is fulfilled. On the other hand, the measurement reporting is triggered even though one applicable cell at least fulfils the condition. Although it is sufficient for the mobility purpose, for interference mitigation, it is desirable that the measurement reporting is triggered if multiple applicable cells fulfil the condition at the same time. It would help to reduce the number of measurement reports resulting in saving the radio resource. The number of applicable cells for event triggering can be configured by the eNB as a measurement configuration.
Solution #2-2:

Introducing a new physical signal for UL measurements.

Drone UE is configured to transmit UL signal (a)periodically so as for the eNB to measure the UL signal quality. The radio resource for UL signal is shared by multiple neighbour cells as well as the serving cell. By doing this, the neighbour cell can measure the interference level on its own. This solution is similar to the UL measurement in connected which has been discussed under the NR Study Item.
Solution #2-1 seems a simple and minor extension to the existing reporting configuration in RRC [2]. On the other hand, Solution #2-2 needs to be discussed across RAN WGs as has been done for NR. Thus, Solution #2-2 is not likely to be standardised as TEI14.
3. Summary and proposal
For the drone specific scenario, the following challenges are observed according to the field experience:
Observation 1:
UL signal from a drone UE flying in the air skyrockets interference in the neighbour cells significantly.

Observation 2:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it is not permitted from the regulation standpoint.

To tackle the observed challenges, the following key objectives are identified:

Objective #1:

To mitigate interference in the neighbour cells while a drone UE is flying in the air;

Objective #2:
To detect whether UL signal from a drone UE increases interference in multiple neighbour cells;

Objective #3:

To distinguish a rogue drone UE from a certified drone UE.

For Objective #1 and #2, several potential solutions are presented. To iron out these challenges for the emerging drone services immediately, Solution #1-1 and #2-1 can be standardised as TEI14 under RAN2 responsibility given that the potential specification impact would not be considerable. Consequently, the followings are proposed:
Proposal 1:


Introduce conditional Max Tx power restriction based on RSRP/pathloss threshold.

Proposal 2:
Introduce the measurement report triggering extension such that the reporting is triggered if the entering/leaving condition is fulfilled for multiple applicable cells.
CR on Proposal 2 to 36.331 is provided in [3]. For the other solutions not likely to be standardised in Rel-14, the following is proposed:
Proposal 3:


Other solutions are studied and worked in Rel-15 by orchestrating a drone specific LTE SI/WI.
NOTE:
Proposal 3 does not have to be discussed in RAN2. However, it is noted here for completeness of the drone specific standardisation for Rel-15 LTE in 3GPP.
4. References
[1] TS 36.306 v14.1.0.
[2] TS 36.331 v14.1.0.

[3] R2-1701838, “Extension of measurement report triggering,” Rel-14 CR to 36.331, NTT DOCOMO, INC.
PAGE  
4

_1547636696.vsd

_1547646623.vsd

_1547634783.vsd

