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Introduction
During RAN#95-e, a WI was approved concerning Air to Ground (ATG) communications. Air to Ground refers to service to aircraft with data. The aircraft are served from ground based BS. It is assumed that an external UE is mounted on the aircraft. The UE may have a larger amount of power and a larger antenna gain than terrestrial UEs.
Of key interest in considering UE and BS parameters is the achievable range of an ATG link. The WID states that ranges of 100-300km are targeted. This paper presents some basic link budgets. Apart from the link budget, another consideration is capacity, since within a range of several hundred km there can potentially be a large number of aircraft in busy air corridors.
Link budget
The WID suggests considering existing BS requirements and bands n1, n78 and n79 as example bands with range up to 300km. The WID does not state whether the ATG BS is a dedicated infrastructure of BS or aircraft are served directly from base stations in the terrestrial network. Our understanding is that the BS should be dedicated, but we consider two cases:
· ATG BS with antennas whose boresight points towards the aircraft when at 100km distance
· TN BS with 3 degree downtilt on the antenna
Of course, the BS antenna can also be pointed directly upwards; such deployments are quite likely and will serve aircraft directly over the BS in a better manner; here though the antenna pointing direction is somewhat optimized for link budget.

It is assumed that the BS has similar power characteristics and antenna size to TN BS:
· For band n1, two possibilities are considered:
· 46dBm and single column static antenna with 17dBi antenna gain 
· AAS single column antenna consisting of 2 sub-arrays of 4x1 dual polarized elements, 46dBm output power
· For band n78/n79, a 8x8 element array is assumed, based on 4x1 dual polarized modules with 46dBm TRP

Regarding propagation conditions, we assume LoS propagation to the aircraft.
For the UE, two assumptions are considered:
· PC1.5 like UE, meeting RAN4 power and sensitivity requirement and with no antenna gain (but 4RX for n78, 2RX for n1)
· BS like UE with the same parameters as the BS for n78 and the “AAS column” for n1
In order to provide first estimates on achievable range, a tentative assumption that the minimum link SNR needs to be 20dB is made. The supportable range will obviously depend on the requirement on link SNR.
This link budget analysis is simplified and has a number of limitations:
· Basic LoS propagation is assumed; the channel may in reality vary with the elevation angle of the aircraft from the BS
· It is assumed that the UE panel can be mounted on the aircraft to point towards the BS (possibly more than one panel). In reality the aircraft fuselage design and other considerations may significantly impact the possibilities for UE array geometry (and other things such as radome), which could significantly impact the link budget. 
· In particular, it is assumed that the UE panel is mounted vertically on the aircraft. Mounting vertically may not be feasible. If the UE panel would be mounted horizontally (i.e. parallel to the aircraft body) then the link budget may be significantly degraded for the kargest cited range. More discussion is needed on how the UE panel may best be mounted on the aircraft.
· A simplified antenna modelling has been used based on Gaussian beam shapes and estimated sub-array beam widths
· For the n1 UE, the possibility of both non-AAS like and AAS like UE is considered in the model. It is not clear how feasible it would be to build and mount an AAS-like UE on an aircraft. On the other hand, it is not clear how a non-AAS UE would point the beam lobe towards the ATG BS. So possibly both models for the n1 UE are not realistic.
The link budget should thus not be viewed as definitive and may prove to be significantly inaccurate, but can be used as a guide for UE and BS assumptions for the co-existence study.
Downlink, n78
Figure 1 depicts the downlink budget for n78 for a scenario in which the BS antenna is uptilted such that the main lobe would point to an aircraft at 10km altitude and a distance of 100km. The figure shows that with a PC1.5 UE (and no UE antenna gain), the range of the ATG connection would be limited to around 40km (Note that the UL would be even more of a constraint in this scenario, as depicted in figure 5). If the UE has the array size and power of the BS, a range of at least 150km can be obtained (although it is worth to bear in mind that constraints on the UE size and mounting on the fuselage may significantly limit the range).


Figure 1: n78 link budget with ATG optimized BS tilt

Figure 2 depicts the link budget assuming a BS like UE and that the BS is downtilted with 3 degrees (hence can serve a rural ground network). The figure suggests that the link budget in this scenario is comparable to the one with an uptilted antenna. The reason for this is that the aircraft is close to the horizon and pointing a beam slightly upwards from a downtilted AAS basestation can still achieve a link with this simple model. Further, more detailed investigation would be needed to confirm whether downtilted AAS basestations can be used for serving aircraft. In any case, ATG type deployments may more realistically use upward pointing antennas.

Figure 2: n78 link budget with downtilted BS antenna and BS like UE

From the above simplistic analysis, we conclude that the UE needs to be similar to a BS in array size and sensitivity. The exact link budget cannot be taken from these figures due to the simplicity of the analysis.
Observation 1: For n78 DL, to achieve the range cited in the WID, the UE needs to have a similar sensitivity and array size to the BS.
Observation 2: More consideration on the impact of mounting of the UE on the fuselage is needed, as this could significantly impact the link budget.
Downlink, n1
Figure 3 depicts the DL link budget for several scenarios:
· Fixed antenna (non-AAS) BS, PC1.5 UE
· Fixed antenna BS and UE with fixed BS like antenna and BS sensitivity
· AAS BS and UE with BS sensitivity and fixed antenna
· AAS BS and UE that has AAS BS characteristics
The BS tilt is optimized for an aircraft at 10km altitude and 100km distance in the scenarios of figure 1. The link budget is lower than n78, mainly because the assumption is a single column in this case and 8 columns for n78.

Figure 3: n1 link budget with ATG optimized BS tilt
The scenario with a PC1.5 UE has poor link budget. 
For a BS like UE, if the UE and BS are non-AAS then for distances of less than 40km the UE is outside of the BS main lobe (and vice versa). With increasing distance, the SNR improves as the UE comes into the main lobe. After 40km, the UE is within the main lobe and SNR decreases with distance. The AAS BS and UE can point the main lobe in the correct direction and so experience improved performance for distances of less than 40km. Of course, an upward pointing antenna would solve the coverage issue for aircraft close to the BS at the cost of reduced link budget at 200-300km.
Considering that realistically, the UE may not be mounted as a column on the aircraft then it is likely that a BS like UE is needed and some degree of beam steering capability is needed.
Observation 3: For n1 DL, the UE needs to have a BS like antenna gain and sensitivity, and likely needs some degree of beam steering capability in order to achieve the range cited in the WID.
Figure 4 depicts the link budget with 3 degree downtilt on the BS. Two cases are depicted. If the BS and UE both have fixed antennas then the link budget is not good, because the aircraft is outside of the beam. It should be noted that in reality, with real UE design constraints within the aircraft fuselage, the link budget could be even worse. It should be noted that the assumption here is that the UE column is vertical, which is likely impractical in practice and the link budget could be worse.

On the other hand, where both UE and BS can steer beams, the link budget is good even with downtilt with this simple model, similarly to n78.

Figure 4: n1 link budget with 3 degree downtilt
n78 Uplink
Figure 5 depicts the UL link budget considering optimized BS antenna uptilt. A PC1.5 UE is considered and a UE with the same array size and output power as a BS. The link budget is insufficient for the PC1.5 UE, but unsurprisingly with a BS like UE, the link budget is the same as observed for DL.

Figure 5: UL link budget, n78

n1 Uplink
Figure 6 depicts the n1 uplink link budget. A PC1.5 like UE and a UE with the same antenna size and output power as the BS were considered. Clearly, a BS like output power and gain is needed to achieve the link budget for a large range.

Figure 5: UL link budget, n1
Conclusion
At this stage, the link budget modelling is simplistic and the assumptions on the UE mounting on the aircraft are likely to prove to be unrealistic. The quantitative results in this contribution should be viewed as highly preliminary. The assumptions on UE mounting are optimistic; in reality aircraft mounting constraints are likely to limit the UE orientation and radiation pattern to be less optimal than assumed here. Als if the BS antenna is pointed directly upward, the link budget for distant aircraft would degrade.
The main message that should be understood from the contribution is that in order to achieve the range identified in the WID, UEs with existing power classes and antenna assumptions for FR1 are insufficient. The aircraft mounted UE is likely to need to have high gain and beam steering capability and potentiallybe similar in power to a BS.
Observation 1: For n78 DL, unless the aircraft is always close to the BS, the UE needs to have a similar sensitivity and array size to the BS in order to achieve the range cited in the WID.
Observation 2: More consideration on the impact of mounting of the UE on the fuselage is needed, as this could significantly impact the link budget.
Observation 3: For n1 DL, the UE needs to have a BS like antenna gain and sensitivity, and likely needs some degree of beam steering capability in order to achieve the range cited in the WID.
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