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1 Introduction

In RAN1#90, for interference mitigation schemes for drones, the following agreements and conclusion were reached:

Agreement:
Following potential solutions for interference mitigation are further evaluated in RAN1#91

· For Downlink,

· Network coordination

· CoMP

· Note: companies should provide their assumptions on the coordination set size.

· ICIC/eICIC/FeICIC

· Note: companies should provide their assumptions on the coordination set size.

· Resource reservation

· Receive Beamforming (i.e., IRC receiver)

· Other solutions are not precluded

· For Uplink,

· Power control-based mechanisms

· Transmission beamforming (optional for evaluations)

· Note 1:  proponents are encouraged to provide results for transmission beamforming when the number of UE Tx antennas is larger than 2.

· Note 2:  proponents are encouraged to provide details of channel models.

· Network coordination

· CoMP

· Note: companies should provide their assumptions on the coordination set size.

· ICIC

· Note: companies should provide their assumptions on the coordination set size.

· Resource reservation

· Other solutions are not precluded

· Implementation based solutions are not precluded in the evaluation

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, a new transmission scheme is proposed to address the severe interference on both downlink and uplink, and to reduce frequent handover for drones.
2 Key issues for drones

2.1 Degraded SINR performance
When the drone flies above the ground, there are no obstacles between the drone and terrestrial eNBs, thus the drone could receive signals from many more cells. From the practical measurement in our previous contribution [1], it is concluded that the number of neighbor cells are clearly increasing above the ground, and nearly 3 times more neighbor cells can be observed.
Due to the increasing number of neighbour cells, as shown in the Figure 1, the downlink SINR of the drone is much lower that of terrestrial UE when the neighboring cell is regarded as the interfering cell.  For drones in case 5, the probability that DL SINR is lower than -5 dB is as high as 40%. If the cell edge SINR is set as -3dB[2], 80% of drones can be regarded as cell edge UEs. 
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Figure 1: Geometry for downlink in UMa scenario
Observation 1: The number of neighbor cells are significantly increased above the ground, and nearly 3 times more interfering cells can be observed.

Observation 2: For drones in case 5, the probability that DL SINR is lower than -5dB is as high as 40%. If the cell edge SINR is set as -3dB, 80% of drones can be regarded as cell edge UEs.
As a result, it is important to reduce or restrict the interference from neighboring cells for improving the SINR for DL. Similarly, it can also enhance the UL SINR based on the joint reception of multiple cells.

2.2 Deteriorated PDCCH performance
The degraded downlink SINR will severely impact the performance of PDCCH.  The results of simulation under EPA and AWGN are shown in Figure 2, the PDCCH BLER is 20% for AWGN and 40% for EPA if the SINR is -9dB, and the PDCCH BLER is 60% if the SINR is -10dB. The CCE aggregation level here is 8, in line with that [3]
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[4].  According to [5] , 5% geometry is below -9dB with fast fading for aerial UEs in Case 5 for UMa and RMa.

The poor performance of PDCCH would seriously impact the system performance, such as UL&DL allocation, and thus, the interference mitigation for control channel needs to be considered.
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Figure 2: Performance of PDCCH

Observation 3: The PDCCH performance for drones are severely deteriorated compared to terrestrial UEs.
2.3 Frequent handover

As shown in the Figure below, the handover rates for drones are dramatically increased at high altitude. This is because the UE can see more side beams which forms the serving cells for the drones. The UE will possibly experience frequently handover when the speed of the UE accelerates. If the handover condition configured for the terrestrial UEs is still used to make decision on handover triggering, RLF will occur more than before due to too many, and unsuitably timed, handovers.
[image: image3.png]Handover Rate(HO/UE/sec)-UMa
0.60

0.50
0.40

0.30

0.20
- I I I
0.00 - - . — -

100m

m3km/h m30km/h m60Km/h m160Km/h



[image: image4.png]Handover Rate(HO/UE/sec)-UMi

0.90
0.80
0.70
0.60
0.50

0.40

0.30

0.20

0.10 I
0.00 - .

100m

m3km/h m30km/h m60Km/h m160Km/h




[image: image5.png]Handover Rate(HO/UE/sec)-RMa
0.30

0.25

0.20

0.15

0.10

S| B || QT
0.00 Il m -l

100m

°

m3km/h m30km/h m60Km/h m160Km/h




Figure 3: Handover rate at different altitudes(m) for UMa, UMI and RMa
3 Virtual drone cell
As described previously, there are increasing numbers of neighboring cells, which degrades downlink geometry, and result in severe performance deterioration of PDCCH as well as PDSCH. Moreover, the frequent handover is also needed to improve traffic reliability and continuity [6]
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[7] . 

The fluctuating antenna gain and frequently deep fading due to side lobes of the eNB antennas is the key reason for frequent handover. A straightforward way is to improve the aerial coverage performance of antenna side lobes. However, this may need upgrading or replacing the existing hardware, such as deploying dedicated eNB for drones or Massive MIMO antenna to provide special beams pointing to aerial objects. Therefore, we prefer to focus on software update based solutions to improve aerial coverage, and usually we choose CoMP techniques which can fulfil the requirement of improving DL SINR by Joint Transmission and Muting, and its effectiveness has been approved before. But COMP can only be used for data channel, so it cannot help to mitigate mobility problems well. For example, the handover decision is based on the RSRP offset between cells and Joint Transmission cannot be applied for CRS, so the cell coverage fragmentation will not be improved and the handover rate cannot be reduced. For RLF, the RLF detection is based on the CRS measurement within PDCCH symbols. Since this PDCCH CRS cannot be jointly transmitted by multiple eNBs, the received CRS power cannot be raised. Conversely, the interference may be lowered down if a number of neighbour cells should be muted when ABS subframe is applied.

Following the concept of CoMP, a reserved DL resource can be allocated for drones within PDSCH region as illustrated in Figure below, and the corresponding EPDCCH, downlink data and demodulation reference signal can be jointly transmitted by multiple eNBs. As this reserved resource is specific for drones, it is named as Virtual Drone Cell (VDC) for convenience.  As a VDC is the composition of several neighbour cells, the VDC has a larger coverage area, so the handover rate can be decreased. Since this solution changes interference from the neighbour cells into useful signals, the DL SINR can be improved obviously. Correspondingly, the uplink signal can be jointly received by multiple different eNBs, so the uplink transmission of drones can also be improved. 
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Figure 4: Reserved DL resources (Blue grids) for virtual drone cell
Figure 5 below gives an illustration of virtual drone cell. As seen in the Figure 5, the virtual drone cell can be regarded as a Macro cell, and the physical cell can be seen as pico cells. The drone UEs can only recognize the virtual drone cells, and the physical cells could be transparent to drone UEs. As a result, the interference coordination and resource usage between virtual drone cell and physical cell for terrestrial UE can reuse the related ICIC techniques in HetNet. 

Thus, the handover for drone UEs can only occur between virtual drone cells, so the UPT of drones can be substantially improved due to less interruption time of handover [6]
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Figure 5: Virtual Drone Cell

In summary, VDC is a group of coordinated cells: 
· Multiple physical cells sends data in the mode of COMP+ABS
· Change interference cells to coordinated cells 
· Optionally, handover between VDCs instead of physical cells  
Proposal 1: Virtual drone cells, supporting enhancements to multi-cell transmission and interference coordination techniques, are necessary to support drones.
To recognize the virtual drone cell, different synchronization signals could be used to identify virtual drone cell and physical cell. The transmission of synchronization signals for virtual drone cell can be similar to that of physical cells. The primary synchronization sequence of virtual drone cell can be the same as LTE primary synchronization sequence, but with different mapping mechanism.
Proposal 2: Reference and synchronization signals for the virtual drone cell based on LTE signals are provided.
If non-ideal backhaul is assumed between component physical cells in a virtual drone cell, it is hard to jointly transmit a control channel to a drone. Independent control channel transmission for physical cell is needed. In order to alleviate the interference for downlink control channels, the time-frequency resource of the control channel transmission of each physical cell can be non-overlapped in a virtual drone cell. This can be achieved by network coordination of appropriate resources in the physical cells, in a way similar to ICIC and eICIC techniques. The physical cells’ transmissions within the virtual drone cell are distinct from their terrestrial transmissions, and are used to jointly send the control and data for the virtual drone cell. Therefore, all the physical cells’ component transmissions for drones use the virtual drone cell’s cell ID.
Thus, the inter-cell interference on control channels is alleviated. The information of the resource configuration for each physical cell is indicated by the virtual drone cell which can be transmitted by the component physical cells jointly, since the information of the resource configuration is a static or slowly changing regarding the virtual drone cell. 
Proposal 3: Network coordination, similar to ICIC and eICIC, of transmission of physical downlink control information from a number of cells to a drone can avoid control channel interference.
Proposal 4: Information of the resource configuration of the coordinated transmissions for drones can be sent jointly by the coordinating cells, e.g. in an SFN way.
4 Performance evaluation of virtual drone cell 

4.1 DL SINR improvement

As show in the Figure below, for UMa case and 150m flying altitude, the DL SINR of drone can be improved about 3dB with muting among 3 cells. If more cells are involved for DL joint transmission or muting for drones, the DL SINR gain can be expected more due to the interference signals are utilized to useful signals in the virtual drone cell. As a result, the reliability for DL control channels and command-and-control messages can be improved significantly. Moreover, the interruption time from handover failure and RLF can be substantially reduced, which can improve the DL throughput, correspondingly.
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Figure 6: Performance of muting (DL transmission)

4.2 UL SINR improvement

As show in the Figure below, for UMa case and 150m flying altitude, the UL SINR of drone can be improved about 5dB with joint reception among 3 cells. For drones, the dominant traffic is uplink traffic, so uplink joint reception can improve the UL throughput remarkably. If more cells are involved for UL joint reception for drones, SINR gain can be expected.
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Figure 7: Performance of Joint reception (UL transmission)
4.3 UPT gain

As analyzed and evaluated in our companion contribution [6], due to reduced handover rate and RLF probability, the maximum UPT gain arising from virtual drone cell can be approximate to 74%. As a result, virtual drone cell is worth considering for reducing the interruption time and improving throughput.
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 Figure 8: UPT gain of virtual drone cell
5 Conclusion
In this contribution, the key issues of drones are identified and a novel transmission scheme, virtual drone cell, is proposed. The following preliminary observations and proposals are provided:

Observation 1: The number of neighbor cells are significantly increased above the ground, and nearly 3 times more interfering cells can be observed.

Observation 2: For drones in case 5, the probability that DL SINR is lower than -5dB is as high as 40%. If the cell edge SINR is set as -3dB, 80% of drones can be regarded as cell edge UEs.

Observation 3: The PDCCH performance for drones are severely deteriorated compared to terrestrial UEs.
Proposal 1: Virtual drone cells, supporting enhancements to multi-cell transmission and interference coordination techniques, are necessary to support drones.
Proposal 2: Reference and synchronization signals for the virtual drone cell based on LTE signals are provided.
Proposal 3: Network coordination, similar to ICIC and eICIC, of transmission of physical downlink control information from a number of cells to a drone can avoid control channel interference.
Proposal 4: Information of the resource configuration of the coordinated transmissions for drones can be sent jointly by the coordinating cells, e.g. in an SFN way.
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