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Introduction
During RAN#95-e, a WI [1] was agreed on Air to Ground networks. The objectives of the WI include development of UE RF requirements. This paper presents some preliminary views and observations with respect to UE RF requirements.
TX requirements
A simple consideration of link budget is presented in [2]. Although further details need to be decided in order to fix a more precise link budget, it is apparent that, in order to reach aircraft at a distance of up to 200-300km, the aircraft mounted UE would need to have a significantly larger array gain and potentially TX power than existing UE power classes and would also need a steerable antenna. From a power, antenna gain and sensitivity point of view, the UE would be more like a BS.
Observation 1: From a power, sensitivity and antenna point of view, an ATG UE intended for commercial aircraft and 200-300km distance would be more like a BS than existing CPE type UEs.

One question to consider for ATG operation is whether it is necessary to specify the UE output power. An alternative would be to take the BS approach; output power is declared, but if needed a maximum declarable power is set based on co-existence simulations. The output power requirement relates to meeting the declared power level.
Proposal 1: Consider further whether to set a power level in the requirement, or set a requirement on power accuracy with a declared power (subject to a maximum limit).

An advantage of a declared power level is that requirements on MPR, A-MPR etc. are not needed, since this is taken into account in the power declaration.
Observation 2: If power is declared, requirements on MPR, A-MPR etc. are not needed.


A terrestrial UE needs to be able to meet power control requirements for effective operation of the network. Depending on the architecture, there may be less flexibility for controlling the output power of a hardware that is more like a BS. Also, if the system is always to be operated with aircraft at cruising altitude and a significant distance from the BS then a wide dynamic range of power control may not be needed. Also, the minimum power may be significantly higher than for other types of UE.
Proposal 2: RAN4 to examine whether power control requirements are needed, or whether the dynamic range of power control can be simplified.

As indicated in [2], ATG UEs mounted on commercial aircraft would be likely to need BS like antenna gain and be able to perform beam steering. The AAS BS specification specifies type 1-H requirements, which include OTA requirements on EIRP and EIS and also 1-O; all OTA requirements. The BS vendor selects which requirement set to meet.
If an ATG UE should perform beamforming and is more like a BS, then it is likely to have an AAS like architecture. It may also be reasonable to expect a beamforming aircraft mounted equipment to meet requirements on EIRP and EIS. Hence, requirements for 1-O (i.e., all OTA) and/or 1-H (EIRP and EIS together with conducted requirements) may be appropriate.
Proposal 3: RAN4 to discuss whether 1-O and 1-H are appropriate for an AAS like UE equipment.

For OTA requirements, some consideration may be needed of the potential range of angles over which a BS may be connected, and whether Dual Connectivity could be operated to BS in different directions. If the BS EIRP/EIS approach would be adopted, the requirement declarations framework would be flexible enough whatever the outcome of such a discussion.
Regarding the TX signal quality requirements, given that the aircraft will always be a significant distance from the base station and also the use of beamforming between different UEs, it is likely that the in-band emissions requirements could be made somewhat less stringent than for terrestrial UEs. The impact of in-band emissions requirements should be investigated further.
Proposal 4: The in-band emissions requirements should be investigated further, as there are fewer scenarios for UEs to cause interference within a carrier than in the case of terrestrial scenarios.

The ACLR requirement should be determined according to the outcome of co-existence analysis. The requirements for SEM and spurious emissions should be determined considering co-existence and relevant regulation. 

RX requirements
The receiver sensitivity requirement for handheld terminals and for CPE may not be relevant for ATG terminals and needs to be considered in the light of the link budget. It is also important to consider whether a conducted sensitivity is needed or useful or whether and radiated sensitivity is more relevant.
Proposal 5: Consider RX sensitivity for ATG UEs in the light of the link budget and practical constraints for equipment mounted on an aircraft fuselage.
The adjacent channel selectivity should be set based on co-existence modelling results.
If the ATG UE operates with aircraft at significant altitude then it is likely that the requirements on in-band and can be relaxed, since it is not likely that sources of blocking will be present in close proximity to the aircraft during flight.
The situation of the UE with regard to out of band blocking will also differ from a ground based UE. However, the presence of other radio transmitters on the aircraft and other systems such as radar mean that out of band blocking requirements are needed and should be investigated further.
Proposal 6: Consider the in-band blocking requirements in the light of the fact that sources of blocking are unlikely to be close to the aircraft during the flight.
Proposal 7: Further investigate out of band blocking requirements.

Conclusion
This contribution has presented some top-level considerations for ATG UE requirements. The considerations are based upon an assumption that equipment mounted on an aircraft fuselage that should achieve a link budget over 100-300km will be more like an AAS basestation than a CPE like terminal, so in order to consider the proposals, this basic assumption should be discussed.
Proposal 1: Consider further whether to set a power level in the requirement, or set a requirement on power accuracy with a declared power (subject to a maximum limit).
Proposal 2: RAN4 to examine whether power control requirements are needed, or whether the dynamic range of power control can be simplified.
Proposal 3: RAN4 to discuss whether 1-O and 1-H are appropriate for an AAS like UE equipment.
Proposal 4: The in-band emissions requirements should be investigated further, as there are fewer scenarios for UEs to cause interference within a carrier than in the case of terrestrial scenarios.
Proposal 5: Consider RX sensitivity for ATG UEs in the light of the link budget and practical constraints for equipment mounted on an aircraft fuselage.
Proposal 6: Consider the in-band blocking requirements in the light of the fact that sources of blocking are unlikely to be close to the aircraft during the flight.
Proposal 7: Further investigate out of band blocking requirements.
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