
3GPP TSG-RAN WG4 Meeting # 105											R4-2218643
Toulouse, France, November 14 – November 18, 2022

Agenda item:	8.13.2
Source: 	CMCC
Title: 	ATG UE RF requirement
Document for:	Discussion
1. Introduction
ATG UE RF requirement WF is approved in last meeting [1]. There are still some issues that need further discussion. In this contribution, we focus on the discussion of remaining issues for ATG UE.
2. Discussion
Regarding doppler pre-compensation, during RRM discussion it is approved that ATG BS will transmit ATG BS’s location information to ATG UE. since ATG UE has the information of itself location and flying speed, ATG UE could perform accurate doppler pre-compensation. So the same frequency error definition as NTN network could still be applicable for ATG network.
Observation 1: ATG BS will transmit its location information to ATG UE, based on which ATG UE could accurately perform frequency pre-compensation with UE’s location and flying speed.
Proposal 1: the same frequency error definition as NTN network is still applicable for ATG UE.
According to regulatory requirements, when ATG UE is lower than 3km altitude, ATG mode on the airplane would be power off. so the minimum output power of ATG UE could be relaxed. 
If we assume minimum distance between ATG UE and ATG gNB is 10km with 3km altitude and 8.5km blind area, free space propagation loss is 120dB at 2.6GHz which is 50dB larger than 70dB. therefore, the minimum EIRP for ATG UE could be roughly relaxed by 50dB. omni-directional antenna and antenna array are both potential solutions for commercial network deployment. For omni-directional configuration the minimum output power could be roughly relaxed by 50dB but for antenna-array UE the minimum output power could be roughly relaxed by 30dB compared with legacy UE assuming 20dBi antenna gain. 
As discussed previously, output power of ATG UE maybe assumed as 36dBm for 2.1GHz with omni-directional antenna and 26dBm with antenna array assumption. In conclusion, compared with TN UE, omni-directional ATG UE has 13dB higher max output power and 50dB higher minimum output power. Antenna-array ATG UE has same output power and 20dB higher minimum power. In total, dynamic range could be reduced for both omni-directional and antenna array ATG UE.
Observation 2: it seems dynamic range of ATG UE could be relaxed compared with TN UE.
Different power class will lead to different RF requirement set. Each power class should represent one typical deployment range with common RF requirements. several factors may determine output power, e.g. ISD, vertical altitude and antenna configuration. 
· For ISD, the range from [14]km to 200km will be used for evaluating link budget. we only have conclusion on upper bound and wait for lower bound conclusion.
· For altitude, according to last meeting’s agreements, 12km is the upper bound and lower bound will wait for final simulation results which will determine the possibility of 3km. we can use 12km as upper bound and wait for lower bound conclusion.
· For antenna configuration, according to the WID, we only focus on conductive requirements. and as discussed before, we should consider both omni-directional antenna and antenna array.
Observation 3: output power should consider following several factors, ISD, altitude, both omni-directional antenna and antenna array.
When we calculate ATG UE output power, the basic criteria is that we assume ATG UE at cell edge has the same throughput as TN UE at cell edge with the assumption that ATG gNB has the similar Rx antenna gain as TN gNB. Following shows the analysis of ATG UE output power. 
For TN network, 300m cell coverage corresponds to 120dB PL at cell edge for NLOS at 2.6GHz. We also assume 4.85dB shadowing fading, 20dB O2I penetration loss and 9dB O2O penetration loss. Total loss is 120+4.85+20=145.35dB for O2I, 134.35dB for O2O with 9dB penetration loss and 124.85dB for O2O without penetration loss.
For ATG network, we only assume free space without shadow fading nor penetration loss. 100.7km 3D-distance will contribute to 140.9dB PL. compared with TN network, ATG UE should have almost 6dB to 16dB higher EIRP if they want to achieve the same cell edge throughput as TN for O2O scenario. For antenna array ATG UE, we could reuse current power class as TN UE and require 15dB or even higher antenna gain. But for omni-directional ATG UE, it seems much higher power class will be required.
Observation 4: for antenna-array ATG UE, it seems the same power class as TN UE could also be applicable for ATG UE. for omni-directional antenna, more higher power class is suggested.
Based on above analysis, it seems at least we need four power class, three legacy power classes and one or more power classes higher than legacy handheld UE. the options for power class definition are listed as below:
· Option 1: reuse PC3, PC2, PC1.5, PC1 and even more higher power class(es). The similar definition method as UE that UE should support the power related to corresponding power class.
· Option 2: define two power class one for omni-directional UE and the other for antenna-array UE. The similar definition method as gNB that actual power is based on declaration and should not exceed specified max value.
Observation 5: above list options for ATG UE power class.
Our preference is option 2. we could reuse the upper bound 29dBm for antenna-array UE and [39] dBm for omni-directional UE.
Proposal 2: it’s suggested to define two power class one for omni-directional UE and the other for antenna-array UE. the similar definition method as gNB that actual power is based on declaration and should not exceed spec requirements, i.e. 29dBm upper bound for omni-directional UE and [39]dBm upper bound for antenna array UE.
3. Conclusions
In this contribution, ATG UE remaining issues are discussed with following proposals and observations:
Observation 1: ATG BS will transmit its location information to ATG UE, based on which ATG UE could accurately perform frequency pre-compensation with UE’s location and flying speed.
Proposal 1: the same frequency error definition as NTN network is still applicable for ATG UE.
Observation 2: it seems dynamic range of ATG UE could be relaxed compared with TN UE.
Observation 3: output power should consider following several factors, ISD, altitude, both omni-directional antenna and antenna array.
Observation 4: for antenna-array ATG UE, it seems the same power class as TN UE could also be applicable for ATG UE. for omni-directional antenna, more higher power class is suggested.
Observation 5: candidate options for ATG UE power class.
· Option 1: reuse PC3, PC2, PC1.5, PC1 and even more higher power class(es). The similar definition method as UE that UE should support the power related to corresponding power class.
· Option 2: define two power class one for omni-directional UE and the other for antenna-array UE. The similar definition method as gNB that actual power is based on declaration and should not exceed specified max value.
Proposal 2: it’s suggested to define two power class one for omni-directional UE and the other for antenna-array UE. the similar definition method as gNB that actual power is based on declaration and should not exceed spec requirements, i.e. 29dBm upper bound for omni-directional UE and [39]dBm upper bound for antenna array UE.
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