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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#75 meeting, the SI on enhanced support for aerial vehicle is approved with the following objectives in RAN1 perspective [1]: 
· Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:
· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 
· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints 
· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized 
· 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
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. 
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements 
In this contribution, the detailed considerations on the interference mitigation scheme are elaborated.
Discussion on interference mitigation
The current LTE specification and especially the implementation of the network deployments are designed for the cellular user with much lower height than the base station. However, for the air-borne UE, the propagation situation is totally changed. More specially, the UE with high LoS probability and relative smaller large-scale fading (i.e., similar to free space) will locate at high altitude. Consequently, it will lead to significant inter-sites interference for aerial UE in DL as well as interference among UEs (e.g., among aerial UEs, or between aerial and terrestrial UEs) for UL. Based on the analyses above, in order to achieving the performance requirements for aerial UE without obvious performance degradation for terrestrial ones, the enhancements on the mitigation scheme should be studied for both DL and UL, respectively.

· DL

For investigating the interference for DL, the system simulations have been conducted in UMa scenarios (i.e., ISD = 500 m) for on the agreed Case 1~ 5 [2]. As the results shown in Figure 1, similar distribution of CL/SINR can be found that for the terrestrial UEs regardless the increasing number of aerial UE. This is reasonable because the additional aerial UT does not change the geometry of the legacy terrestrial UTs.

[image: ]
[bookmark: _Ref490209352]Figure 1 Distribution of SINR for terrestrial UEs
[image: ]
[bookmark: _Ref490210423]Figure 2 Distribution of coupling loss and SINR for aerial UEs
For aerial UE, due to direct LoS transmission among TRP and aerial vehicles, it can be observed from Figure 2, that the SINR for 95% UE are lower than 5 dB even the smaller large scale fading are experienced comparing with terrestrial UE. 
In order to improve the performance of the traffic for aerial vehicles, the traditional interference coordination schemes for UL/DL [3][4], can be considered. For evaluating the performance of this approach, the behaviour of the top strong interferer (e.g., the deviation between received RSRP from servicing cell and interferer is less than 6 dB) for each UE is investigated. As the result shown in Figure 3, it can be found that, the number of interferer is larger than three for almost 60% percentage of UEs. It means that large coordinate set should be considered for the implementation of CoMP for aerial UEs.  However, according to current spec, there are only two TRPs can be adopted for NCJT since only two CWs are supported. Moreover, in the case of the DPS/DPB, large amount of data and signalling exchange is required among BSs, and the scheduling for the terrestrial UE will be influenced. Considering the above analysis, the implementation of CoMP based enhancements should be further studies. 
[image: ]
[bookmark: _Ref490212114]Figure 3 Distribution of dominant interfere within 6 dB
Moreover, the implementation-based solutions, e.g., the sectorization and or virtual scetorization in vertical domain as shown in Figure 4, can be considered. 


[bookmark: _Ref477902800]Figure 4 Illustration of the sector in vertical domain
Observation 1: DL SINR of terrestrial UT will not be affected by the inclusion of additional aerial UTs.
Observation 2: DL SINR of aerial UT is inferior to that of terrestrial UT due to more severe inter-site interferences.
Proposal 1: The CoMP-based scheme with larger coordinate set for interference mitigation should be further studied.
· UL

For the uplink transmission, as shown in Figure 5, the obvious interference from aerial UE can be anticipated as mentioned above. According to simulation results shown in Figure 6, it can be observed that with the increasing the number of UAV within one cell, the SINR for the legacy dramatically degrades. In order to alleviate this phenomenon, the enhancements on PC (Power Control) are investigated.

According to current specification, the transmitted power for channel or RS can be obtained based on the equation below (i.e., open loop power control):




More specially, during the implementation, these parameters, and are configured in cell-specific way. Considering the different propagation channel properties for aerial and terrestrial UE, the UE-specific or UE-type specific configuration of the aforementioned parameters can be adopted. 



[bookmark: _Ref477899286]Figure 5 Illustration of the UL interference
[image: ]

[bookmark: _Ref490225608]Figure 6 Distribution of the SINR for terrestrial UE when  for all UEs

The performance of aforementioned approach is evaluated as the result shown in Figure 7, it can be observed that the SINR for legacy UE is significant improved by only adjusting the value of for aerial UE. Moreover, during the implementation, the exact value for each UE should be optimized if considering the performance for both terrestrial and aerial UEs.
[image: ]

[bookmark: _Ref490228050]Figure 7 Distribution of the SINR for terrestrial UE when UE specific is adopted
Moreover, similar to DL, the adoption of implementation-based solutions, e.g., the sectorization and or virtual scetorization in vertical domain can also be considered to decrease the inference for UL, since the access of different UEs are separately received in spatial domain.
	
Observation 3: The UL SINR for terrestrial UE will be dramatically influenced aerial UE.
Observation 4: The UL performance of terrestrial UE will be improved when UE specific PC parameters are considered. 


Proposal 2: Support the UE specific configuration for both and in power control.

Proposal 3: The implementation-based scheme can be considered for DL/UL interference mitigation.
Conclusion 
In this contribution, the views on the enhancements for interference mitigation to support the aerial vehicles are elaborated with the following observations and proposals:

Observation 1: DL SINR of terrestrial UT will not be affected by the inclusion of additional aerial UTs.
Observation 2: DL SINR of aerial UT is inferior to that of terrestrial UT due to more severe inter-site interferences.
Observation 3: The UL SINR for terrestrial UE will be dramatically influenced aerial UE.
Observation 4: The UL performance of terrestrial UE will be improved when UE specific PC parameters are considered. 

Proposal 1: The CoMP-based scheme with large coordinate set for interference mitigation should be further studied.


Proposal 2: Support the UE specific configuration for both and in power control.
Proposal 3: The implementation-based scheme can be considered for DL/UL interference mitigation.
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