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Introduction 
This paper discusses the remaining open issues of ATG UE RF Rx requirements.

Discussion

Maximum input level

RAN4 agreed to introduce two types of ATG UE, i.e., omnidirectional and array. However, how to capture these two types in the specs is still unclear. The necessity of having two sets of RF requirements depends on the maximum input level that is yet to be confirmed. If the difference between the maximum input level of the two types is small or minimal, there is no need for separate RF requirements. However, if the differences are significant, it is recommended to establish two sets of RF requirements for the two types of ATG UE.
Currently, there are two approaches to calculating the maximum input power level. One proposes adhering to the former NTN spec and comparing the differences in coupling loss. The alternative way involves employing the subsequent assumption factoring in path loss and accounting for a worst-case scenario. However, the NTN is different from ATG in terms of deployment scenarios and antenna type. Nonetheless, irrespective of the chosen calculating method, the outcomes shall ensure the minimum performance while not saturating the ATG receiver. 
The following table shows the parameters used to calculate the maximum input power level for each type of ATG UE and the corresponding outcomes.
	
	Omni-direction antenna
	Antenna array

	Carrier frequency (GHz)
	2
	4

	Distance (km)
	3
	3

	Path Loss (dB)
	108
	114

	BS output power
	46 dBm/20 MHz
	53 dBm/100 MHz

	BS antenna gain can assume (dBi)
	24
	24

	ATG UE antenna gain (dBi)
	0
	17, (element gain 5) 

	Maximum input level (dBm)
	-38
	-32




Proposal 1 [bookmark: _Toc146724790]It is proposed to define the maximum input level of -38 dBm for 2 GHz and -32 dBm for 4 GHz.


Out-of-band blocking
Like in-band blocking, the out-of-band blocking scenario for an ATG UE will differ from that of TN UE, since the ATG UE is airborne and far away from other ground systems. This may lead to other potential sources of out-of-band blocking, such as radio transmitters in close proximity to the UE on the aircraft body or radar systems transmitting pulses to the aircraft. A deeper understanding of the avionics radio environment is necessary to determine the out-of-band blocking requirement. 
The radio altimeter mounted on the lower fuselage is an essential component of aeronautical systems. The deployment of the 5G C-band and its RF interference to radio altimeters has drawn great attention from the regulators. Taking into account altimeter transmitter power would be beneficial to the determination of OOB level. 
However, there are certain difficulties in estimating the interference level. First, the interference in the current OOB spec in TS 308.101 uses a CW signal, and only the transmitted power of the altimeter shall be considered. Furthermore, it is difficult to estimate the minimum coupling loss since the location and distance between the altimeter and ATG UE are unknown. 
ETSI standard Broadband Direct Air-to-Ground Communications provides some guidance in determining the ATG UE OOB [2] [3]. The below tables show the receiver blocking for the equipment operating in the 1 900 MHz to 1 920 MHz and 5 855 MHz to 5 875 MHz frequency bands for beamforming antennas and for fixed pattern antennas. Note that the Pmin in Table 6 refers to REFSENS in 3GPP TS.
Table 6 in [2]: Receiver Blocking parameters (Beamforming antennas)
	Wanted signal mean power (dBm)
	Blocking signal frequency offset F0 (MHz)
	Blocking signal power
(dBm)
	Type of
blocking
signal

	Pmin + 6 dB
	15 MHz < f0 ≤ 60 MHz
	-42,0
	Continuous Wave

	Pmin + 6 dB
	60 MHz < f0 ≤ 85 MHz
	-27,0
	Continuous Wave

	Pmin + 6 dB
	85 MHz < f0 ≤ 215 MHz
	-12,0
	Continuous Wave

	NOTE 1: The wanted signal is the output from the STE set up to emulate the received signal from the ground or aircraft station.
NOTE 2: Pmin is the minimum level of the wanted signal (in dBm) required to meet the minimum performance criterion as defined in clause 4.2.7.3.1 in the absence of any blocking signal.



Table 11 in [3]: Receiver Blocking Limits (Fixed pattern antennas)
	
	Channel Bandwidth

	
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted Reference Signal (OFDMA)
	REFSENS + 6 dB
	REFSENS + 6 dB
	REFSENS + 6 dB
	REFSENS + 6 dB
	REFSENS + 7 dB
	REFSENS + 8 dB

	Wanted Reference Signal (WCDMA)
	N/A
	N/A
	REFSENS + 3 dB
	REFSENS + 3 dB
	N/A
	N/A

	Interferer Signal power with 
Frequency Offset, (f0) within the range:
· 15 MHz < f0 ≤ 60 MHz
	-44 dBm

	Interferer Signal power with 
Frequency Offset, (f0) within the range:
· 60 MHz < f0 ≤ 85 MHz
	-30 dBm

	Interferer Signal power with 
Frequency Offset, (f0) within the range:
· 85 MHz < f0 ≤ 12 750 MHz
	-15 dBm


The wanted reference signal is the output from the ground or aircraft station emulator. Its modulation type is either OFDMA or WCDMA.
It can be observed that the blocking signal power is up to -12 dBm for 1.9 GHz and 5.8 GHz frequency bands. Considering that the ATG UE is operating in the aircraft and interference environment is different with the TN UE, the OOB could be relaxed compared with the TN UE requirement, it is recommended to use -15 dBm as the OOB requirement.

Observation 1 [bookmark: _Toc146190379][bookmark: _Toc146201530][bookmark: _Toc146210211][bookmark: _Toc146724787]The OOB requirement depends on the environment of other radio transmitters and radar systems. The types, quantities, and transmission levels of these transmitters on the aircraft remain unclear.
Observation 2 [bookmark: _Toc146724788]In 3GPP, the ATG UE OOB specification is defined to ensure the telecommunication link and there may be other sources of interference and regulatory issues that need to be considered when designing ATG UE, i.e. avionic equipment.

Proposal 2 [bookmark: _Toc146210231][bookmark: _Toc146210259][bookmark: _Toc146190032][bookmark: _Toc146210232][bookmark: _Toc146210260][bookmark: _Toc146190034][bookmark: _Toc146210233][bookmark: _Toc146210261][bookmark: _Toc146724791]It is proposed to use -15 dBm as the OOB requirement and capture the note in Observation 2 into specification.

Spurious response
The spurious response requirement is related to the out-of-band blocking. It is proposed to use -15 dBm as the spurious response level.
Observation 3 [bookmark: _Toc127552136][bookmark: _Toc131667892][bookmark: _Toc144464846][bookmark: _Toc146190035][bookmark: _Toc146724789]The spurious response requirement depends on the environment of other radio transmitters and radar systems.

Proposal 3 [bookmark: _Toc146724792]      It is proposed to use -15 dBm as the spurious response level.

Intermodulation characteristics
The intermodulation requirements implicitly set a requirement on receiver linearity and should maintain the same linearity performance for ATG UEs. The intermodulation input levels should not exceed the in-band blocking requirement. We propose that the intermodulation requirement is determined after the in-band blocking and maximum input requirement levels have been established. This is to ensure that the receiver linearity’s impact on the noise floor at maximum power is the same for ATG UEs with ATG maximum input and blocking levels as the linearity for TN UEs with their respective maximum input and blocking levels.
Proposal 4 [bookmark: _Toc127552146][bookmark: _Toc131667895][bookmark: _Toc146724793]The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.


Conclusion

In the previous sections we made the following observations: 
Observation 1	The OOB requirement depends on the environment of other radio transmitters and radar systems. The types, quantities, and transmission levels of these transmitters on the aircraft remain unclear.
Observation 2	In 3GPP, the ATG UE OOB specification is defined to ensure the telecommunication link and there may be other sources of interference and regulatory issues that need to be considered when designing ATG UE, i.e. avionic equipment.
Observation 3	The spurious response requirement depends on the environment of other radio transmitters and radar systems.


Based on the discussion in the previous sections we propose the following:
Proposal 1	It is proposed to define the maximum input level of -38 dBm for 2 GHz and -32 dBm for 4 GHz.
Proposal 2	It is proposed to use -15 dBm as the OOB requirement and capture the note in Observation 2 into specification.
Proposal 3	It is proposed to use -15 dBm as the spurious response level.
Proposal 4	The RX intermodulation requirement should be considered after the maximum input level and blocking requirements are determined.
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