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1	Introduction
The need for Air-to-Ground communication is growing fast through these years. On the one hand, Real-time flight data and maintenance diagnostic data generated by the fore cabin during flying need to be transmitted to the ground monitoring center by real-time high-speed communication for monitoring and large-scale data analysis. On the other hand, for passengers at the rear of the plane, there is a huge need on internet connection. The combination of large bandwidth and low delay characteristics of 5G ATG and slicing technology can provide a large bandwidth proprietary network for the fore cabin to achieve: the transmission of flying data, real-time monitoring of position data and real-time transmission of video surveillance to improve the safety of the plane.
The core part of ATG feature has been discussed in previous meetings. The demodulation part will start in this meeting by the instruction of TU budget. 
According to the revised WID on Air-to-ground network for NR, RP-221369 [1], the objective of performance part WI for is to specify corresponding demodulation performance and CSI reporting requirements for ATG UE/BS. 
In this contribution, we discussed and gave our proposals for the necessity of having UE demodulation and CSI reporting requirement. 
2	Discussion
2.1 UE demodulation 
According to the revised WID [1], the scenario of ATG network should be like this:
· BS on the ground, and the CPE type of UE mounted in the aircraft
· A direct radio link between BS on the ground and CPE type of UE mounted in the aircraft
We can conclude that there will be a specific new type of UE that is the aircraft with mounted CPE, and there will be a new type of Base station on the ground to be connected so that this new type of UE will connect with this new base station, and to have a private link. New ATG base station will be introduced with one directional panel pointing towards horizon. Meanwhile, new mounted CPE UE can have large antenna size so that it can achieve higher output power and antenna gain.
According to the previous discussion for the core spec., the cell range (ISD) was assumed as 200km, and the altitude of the aircraft was agreed to consider from 3km to 12km [2]. Meanwhile, FDD (n1) and TDD (band n78, n79) were considered for the purpose of avoiding the interference from the public network.
Based on the knowledge above, the ATG network can be illustrated as follows:
[image: ]
Figure 2-1 ATG network illustration
As for the downlink reception, the aircraft with mounted CPE will receive the beam directly from the ATG base station on the ground with line-of-sight channel [5]. 
Observation 1 It is LOS channel between ATG UE and BS and no new channel format is introduced
Currently, we are on the early stage of ATG network. Thus, we prefer to simplify the network and solutions. Having more than one ATG base stations to serve one aircraft at a time can be at least deprioritized to be considered, since it brings difficulties for doing the pre-compensation. 
Proposal 1: Preclude the assumption that more than one ATG base stations to serve one aircraft at a time.
As we know, it was agreed in the last meeting in core specification discussion that the ATG UE should support timing pre-compensation for ATG network [3]:
	Issue 3-2-1: Whether to introduce UE based Timing pre-compensation
Agreements
· Support UE-based timing pre-compensation for ATG networks 
· FFS for details and whether NTN-based solution can be reused 




If the UE can do the pre-compensation before receiving the downlink data, then there is no need to consider the potential impact brought by higher timing offset in downlink reception. 
As for the frequency domain, there’s also an agreement [4] saying to focus on the frequency error requirements considering the Doppler pre-compensation function:
	<Sub-topic 2-1> Doppler pre-compensation
Agreement:
-	Focus on the frequency error requirements considering the Doppler pre-compensation function
-	Further check whether and how the Doppler pre-compensation functionality specified for NTN works for ATG with the understanding that there is no RAN1/2 impact expected.



According to the agreements above, we can have the following observation:
Observation 2: Pre-compensation in frequency and timing domains were agreed to be considered for ATG UE in core spec. discussions 
With such UE pre-compensation, the propagation channel for ATG network can be treated as AWGN with some residual error from both frequency and timing domains. 
To conclude for the downlink, following conditions can be considered for the ATG network model from UE demodulation perspective:
	Condition
	
	Value

	UE number
	
	1 per ATG BS

	ISD
	km
	200

	Altitude
	km
	3

	Speed
	km/h
	1200

	Propagation condition
	
	AWGN with low Doppler

	Frequency error
	MHz
	Residual error
(Pre-compensation assumed)


	Timing error
	µs
	



With these assumptions and observations above, we can conclude that:
· There is no new channel introduced
· The propagation condition is simple and straightforward
· There is no need to introduce new receiving algorithm
· There are no high Doppler and timing shift model that need to be considered
With the assumptions above, there seems no need to consider introducing new downlink demodulation requirements. And the ATG UE demodulation requirement can be covered by existing TN requirements. 
Observation 3: With the assumption of UE pre-compensation, there seems no need to consider introducing new downlink demodulation requirements. 
In this case, we propose RAN4 to first discuss the possibility of doing UE pre-compensation in UE demodulation, and then decide whether to introduce new UE demodulation requirements. 
Proposal 2: RAN4 to first discuss the possibility of assuming UE pre-compensation in the downlink demodulation
If the UE pre-compensation is not considered, then there will be large Doppler shift and it might result in poor performance. For example, without pre-compensation, more DMRS symbols will be needed to estimate the Doppler shift, which will highly occupy the resource for transmitting downlink data. Meanwhile, wrong or inaccurate estimation of frequency and timing shift can harm the performance, so that the whole throughput can be degraded. We are also open for having some investigations on the UE demodulation performance without having pre-compensation. 
Observation 4: Without the assumption of UE pre-compensation, more RS are needed and the UE demodulation performance under high Doppler shift needs to be further investigated
2.2 CSI reporting 
Same as for CSI reporting, if RAN4 agrees to assume having UE pre-compensation and assume AWGN propagation condition, we think it is not necessary to consider new requirement for CSI reporting for ATG UE. The ATG UE shall meet the legacy CSI reporting requirements. 
If we do not consider the UE pre-compensation in at least timing domain, then there will be high timing drift and long delay, which will reduce the meaning of doing CSI reporting similar to what we discussed in Rel-17 NTN demodulation. 
Proposal 3: Do not define new requirement for ATG UE CSI reporting, the ATG UE shall meet legacy UE CSI reporting requirements.
3	Summary
In summary, we discussed the necessity of introducing UE demodulation and CSI reporting requirement. Based on the analysis above and agreements made in the previous meeting, we proposed the following:
Observation 1: It is LOS channel between ATG UE and BS and no new channel format is introduced
Observation 2: Pre-compensation in frequency and timing domains were agreed to be considered for ATG UE in core spec. discussions 
Observation 3: With the assumption of UE pre-compensation, there seems no need to consider introducing new downlink demodulation requirements
Observation 4: Without the assumption of UE pre-compensation, more RS are needed and the performance under high Doppler shift needs to be further investigated


Proposal 1: Preclude the assumption that more than one ATG base stations to serve one aircraft at a time.
Proposal 2: RAN4 to first discuss the possibility of assuming UE pre-compensation in the downlink demodulation
Proposal 3: Do not define new requirement for ATG UE CSI reporting, the ATG UE shall meet legacy UE CSI reporting requirements.
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