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1. Introduction 
In RAN #95e meeting, the new WID on Air-to-ground network for NR was approved in [1]. Air-to-ground (ATG) network refers to in-flight connectivity technique, and a direct radio link will be established between BS on the ground and CPE type of UE mounted in the aircraft. The coexistence requirements between ATG and terrestrial network are important part of this WID to define the RF requirements for ATG. 

In RAN4 #104-bis-e meeting, the ATG coexistence scenarios and assumptions were discussed. Some assumptions were agreed to be the starting point for simulation, while there are some open issues that were not addressed.  

Therefore, this paper provides our considerations on the coexistence scenarios. 

2. Discussion
2.1 System Parameter 

There are already some trials and commercial operation for ATG. However, the ATG deployment are not very aligned. At the same time, some candidate parameters discussed in the RAN4 104-bis meeting are very diverse. Even though some assumptions are agreed as the starting point, there are still some proposals to be further discussed.  The options of some major assumptions are summarized and compared as below Table 1. 
Table 1. Comparison of ATG deployment assumptions
	Parameter 
	Option 1 
	Option 2

	ATG cell radius 
	Around 100km 
	Around 15km - 20km 

	Synchronization or not 
	Not synchronized between TN and ATG. 
For practical terrestrial network, normally only one symbol is reserved as guard period.
ATG network require more guard period compared with TN network. To enhance spectrum utilization and reduce waste of guard period, normally ATG network will use much larger TDD configuration period, e.g. 20ms period. From this point of view, normally ATG network and TN network will not be synchronized.
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	TN and ATG network can be synchronized. 
This target cell radius is not large considering the scenarios that high throughput is needed in some busy routes with high airplane density. Even though only adjacent channel coexistence will be studied in RAN4, co-channel deployment will be considered in real deployment to maximize the spectrum utilization. 
Therefore, TN and ATG network can be synchronized to lower the interference. 

	ATG BS deployment
	Considering the unsynchronized operation, ATG BS and TN BS are not co-located to avoid cross-link interference
	ATG BS and TN BS can be co-located. 





Observation 1: It is difficult to use a unified set of parameters to meet different ATG deployment scenarios’ needs. 
Proposal 1: The ATG deployment scenario can be separated into two scenarios to address the different needs, such as large coverage ATG and small coverage ATG. The assumptions can be therefore different for the two scenarios. For example, the ATG BS serving to large coverage cell can use option 1 in Table 1 and ATG BS serving to small coverage cell can use option 2 for the scenario assumptions. 
2.2 Coexistence Topology 

The non-co-located between ATG BS and TN BS is agreed to be used as starting point in last RAN4 meeting. For the coexistence topology, some detailed issues still need further discussion, such as what is the topology for ATG BS, how many sectors for one ATG BS, how two ATG cells coordinate to serve the airplane, etc. The topology is discussed as following three parts. 
1) Relation between TN BS and ATG BS positions 
TN BS
ATG BS


Figure 1. 100% uncoordinated deployment between TN and ATG
The non-co-located between ATG BS and TN BS is agreed to be used as starting point in last RAN4 meeting. The ATG deployment can be considered as 100% uncoordinated with TN deployment. Therefore, the minimum distance between TN BS and ATG BS is equal to   as shown in Figure 1, which is also agreed in RAN4 104-bis-e meeting.   The terrestrial network can be simplified as a TN cluster, including 19 macro sites / 3 sectors per site with wrap around. In the coexistence simulation, TN cluster will be dropped near the ATG BS site or nadir of aircraft. It is not necessary to fill in the ATG sector by putting all the macro sites.

2) ATG deployment topology  
In last RAN4 meeting, the ATG deployment was proposed to be typical hexagonal deployment with 3 sectors for each BS by some companies. ATG BS points their beams towards the horizon is agreed as the baseline. 
Generally, for maximum coverage angle in the horizontal plane, +/- 60º can be reused for ATG BS, which is the basis of hexagonal cell. However, the typical BS vertical coverage range is about 25º.  To support the large cell radius, e.g. 100km and to serve the airplane in cruise status, e.g. 10km, the minimum vertical angle is arctan(10km/100km)  . In this case, the vertical angle range is from  to . Therefore, there is an area that the vertical beamforming cannot be pointed to the airplane CPE.  The issue is illustrated in Figure 2, which is named as the blind area for vertical beamforming.  
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Figure 2. ATG deployment topology (typical hexagonal cell with larger cell radius, 3 sectors for each BS, blind area exists)
There are two possible ways to handle this blind area of vertical beamforming for coexistence study. The first way is to discuss about whether 3-sector topology is suitable for ATG deployment. Actually, the blind area can be covered by the adjacent ATG BS while the topology needs to be changed which is similar as HST scenario (3-sector topology should not be applied).  The second way is to use a wide beam from ATG BS to cover the vertical angle out of the vertical beamforming range. In this case, RAN4 to study how to model this wide beam in coexistence study, defining a beam pattern or defining some fixed antenna gain value. 
Observation 2: Due to the limited vertical angle coverage, there exists a blind area for vertical beamforming in 3-sector ATG deployment topology.     
Proposal 2: The solutions to the blind area of ATG BS vertical beamforming needs to be discussed and addressed. RAN4 to discuss whether the ATG topology needs to be changed or a wide beam pattern/fixed antenna gain needs to be defined for the complete vertical angle coverage.  

3) Coexistence topology   
For coexistence simulation, one ATG BS assumed is agreed to be the baseline in last meeting. Therefore, the topology for coexistence is proposed as Figure 3 (top view) and Figure 4 (front view).  
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Figure 3. Top view of coexistence topology for ATG and TN
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Figure 4. Front view of coexistence topology for ATG and TN

Proposal 3: The coexistence topology for ATG and TN is proposed as Figure 3 (top view) and Figure 4 (front view). The vertical beamforming issue needs to be addressed firstly for the coexistence study. 
3. Conclusion
In this paper, we discussed the coexistence studies for the ATG network, which is important part to define the RF requirements of ATG. We have the following observations and proposals:
Observation 1:  It is difficult to use a unified set of parameters to meet different ATG deployment scenarios’ needs. 
Observation 2: Due to the limited vertical angle coverage, there exists a blind area for vertical beamforming in 3-sector ATG deployment topology.     
Proposal 1: The ATG deployment scenario can be separated into two scenarios to address the different needs, such as large coverage ATG and small coverage ATG. The assumptions can be therefore different for the two scenarios. For example, the ATG BS serving to large coverage cell can use option 1 in Table 1 and ATG BS serving to small coverage cell can use option 2 for the scenario assumptions. 
Proposal 2: The solutions to the blind area of ATG BS vertical beamforming needs to be discussed and addressed. RAN4 to discuss whether the ATG topology needs to be changed or a wide beam pattern/fixed antenna gain needs to be defined for the complete vertical angle coverage.  
Proposal 3: The coexistence topology for ATG and TN is proposed as Figure 3 (top view) and Figure 4 (front view). The vertical beamforming issue needs to be addressed firstly for the coexistence study. 
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