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Introduction
According to the ATG WID [1], demodulation performance requirements for ATG BS and UE as well as ATG UE CSI reporting requirements shall be specified in the respective RAN4 specifications.
	Considering the particularity of ATG network deployment, the following aspects should be addressed in a new ATG work item.
· Extreme large cell coverage range (e.g., up to 300 kilometres) and flight speed (e.g., up to 1200km/h). 
· Coexistence requirements between ATG and terrestrial network. 
· ATG BS/UE core and performance requirement
The performance part of the work item includes
· Specify corresponding RRM performance requirements and test cases for ATG UE [RAN4]
· Specify corresponding demodulation performance requirements for ATG BS [RAN4]
· Specify corresponding demodulation performance and CSI reporting requirements for ATG UE/BS [RAN4]
· Specify test procedures for ATG BS conformance testing and conformance requirements [RAN4]


In this paper we provide our view on some general aspects of ATG demodulation performance requirements.
Discussion
Deployment scenario
ATG communication deployment scenario has been actively discussed in the ATGN-TN coexistence study agenda item, and some initial deployment and system parameters have been agreed in [2] and [3]. These agreed deployment parameters should be used as the starting point for the related discussion of demodulation performance study. Specifically, according to [3], the ATG communication network layout parameters are agreed as follows:
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Agreement:
· One site with one sector for simulation
· Aircraft altitude to derive cell coverage: 3km
· Cell range for simulation: 100km. Note: This value for simulation does no impact RRM evaluation.
· Angle of aircraft at minimum altitude and maximum distance from ATG BS: 1.5°
· Aircraft altitude to derive minimum distance: 10km
· Minimum distance for non sub-array= 20 km
· Minimum distance for sub-array= 50 km


The above agreements specify the spatial dimension of ATG cell in terms of UE altitude range (3km – 10km) and the maximum ATG-UE-to-BS distance (100km) and the minimum ATG-UE-to-BS distance (20km or 50km). Specifically, depending on the antenna array type of ATG BS, i.e., non-sub-array or sub-array, the minimum ATG-UE-to-BS distances are 20km and 50km, respectively. Moreover, the following system parameters for ATG BS and UE have been also agreed in [3] for co-existence evaluations.
	Issue 2-4-1: The initial system parameters outline for ATG BS.
Agreement:
	ATG BS altitude 
	30m

	Carrier frequency 
	2GHz, 4GHz 

	Frequency reuse factor
	1

	Duplex mode
	FDD@2GHz, TDD@4GHz

	Channel bandwidth
	20MHz@2GHz, 100MHz@4GHz

	Subcarrier spacing (SCS)
	15k@2GHz, 30k@4GHz

	Number of cells
	one cell

	UE distribution
	Single ATG UE per ATG cell
Horizontal: Random
[Vertical: Distributed between 3km and 10km]

	Indoor UE percentage
	0%

	Number of DL active UEs per cell (NOTE 2)
	one UE

	Number of UL active UEs per cell (NOTE 2)
	one UE

	DL scheduled bandwidth per UE
	Full bandwidth

	UL scheduled bandwidth per UE
	Full bandwidth

	Traffic model
	Full buffer

	ATG BS maximum output power
	43dBm BS output power for 2GHz
53dBm BS TRP output power for 4GHz

	ATG BS noise figure
	5dB

	Handover margin
	Not needed

	NOTE 1: 	ATG BS is assumed to serve UEs in the rural environment.
NOTE 2:	Same as the number of BS beam(s);
NOTE 3:	ATG BS max TX power is defined per polarization


Issue 2-4-2: The initial system parameters outline for ATG UE.
Agreement:
	ATG UE altitude 
	To be updated based on outcome of Issue 2-1-4

	Carrier frequency 
	2GHz, 4GHz 

	ATG UE max TX power in dBm
	Referred to Issue 2-5-2

	ATG UE min TX power in dBm
	· [-33dBm] for 100MHz
· [-40dBm] for 20MHz

	ATG UE noise figure
	9dB


 


It is plausible to adopt the agreed deployment scenario parameters, e.g., carrier frequency, bandwidth, duplex mode, cell dimension and UE location, for demodulation performance study unless good reasons of using different values can be identified.  
Proposal 1:	Reuse the deployment scenario and system parameters agreed in ATGN-TN coexistence study as baseline, e.g., duplex mode, channel bandwidth and SCS, for demodulation performance study unless different values can be justified.
Channel model


Figure 1. ATG UE at 10km altitude travelling towards ATG BS with 1200km/h
Due to the large ATG BS antenna height, e.g., 30m, rural deployment environment, and uptilt antenna angle in combination of refined beam steering towards to ATG-UE, the LOS probability of ATG link can be very high. It is therefore reasonable to use LOS channel model, i.e., single tap non-fading channel, for ATG demodulation performance requirement study. 
Proposal 2:	Define the channel model for ATG communication link by considering single-tap no-fading channel as a possible starting point.
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Figure 2. Doppler shifts variation (ATG UE travels from 100km to 20km distance to the ATG BS in Fig. 1)
It is obvious that large Doppler shift due to high flight speed (1200km/h) shall create the main challenge to negatively impact the data throughput performance. For the example shown in Fig. 1, an ATG UE travels with the speed 1200km/h at the altitude 10km from the maximum distance 100km to the minimum distance 20km towards the ATG BS. In this case, for carrier frequency of 2GHz (4GHz), the Doppler shift can range from ~1.9kHz (~3.8kHz) to ~2.2kHz (~4.4kHz). Apparently, ATG UE and BS need to cope with the large Doppler shift to achieve the wanted data throughput. In some UE implementation, where UL carrier frequency signal can be adjusted according to the received DL carrier frequency with the observed frequency offset caused by a slow changing Doppler shift, the resulted UL Doppler shifts can be doubled as that in DL. As a result, the negative impact from large Doppler shift for ATG communication can be even more severe.  
Observation 1:	Large Doppler shifts up to several kilohertz can occur for ATG communication link.
Proposal 3:	Define the scheme, e.g., UE implementation only or gNB-assisted, to mitigate the large Doppler shift for ATG communication.
Physical channels for the performance requirements
First of all, 5G based ATG BS and UE shall meet all the legacy/compulsory performance requirements for the 5G BS and UE. In addition, due to the ATG specific channel and operation condition, it is envisioned that ATG-specific performance requirements for BS and UE can be also specified according to WID [1]. It is plausible that performance requirements of HST UE can provide good inspiration for ATG UE because both CPE UEs provision the backhaul-like link for the data connectivity of in-premise end users. Therefore, similar to HST UE and BS, the performance requirements of PDSCH and PUSCH for ATG UE and BS can be also defined in the respective RAN4 specs. Compared to HST UE, ATG UE can potentially experience more challenging channel condition due to large Doppler shift and long communication distance. Moreover, since the total number of passengers in a flight is typically less than that in a HST, the aggregated data throughput demand of ATG UE consequently can be smaller than that of HST UE. As a result, it is reasonable to consider a more robust MCS scheme for ATG UE than that of HST UE.   
Proposal 4:	Define performance requirements for PDS(C)CH and PUS(C)CH for ATG UE and BS, and more robust MCS scheme than HST UE can be considered for PDSCH/PUSCH performance requirements.
Conclusion
In this paper we provided view on general aspects for ATG demodulation performance requirements and made the following observation and proposals:
Observation:   Large Doppler shifts up to several kilohertz can occur for ATG communication link.
Proposal 1:	Reuse the deployment scenario and system parameters agreed in ATGN-TN coexistence study as baseline, e.g., duplex mode, channel bandwidth and SCS, for demodulation performance study unless different values can be justified.
Proposal 2:	Define the channel model for ATG communication link by considering single-tap no-fading channel as a possible starting point.
Proposal 3:	Define the scheme, e.g., UE implementation only or gNB-assisted, to mitigate the large Doppler shift for ATG communication.
Proposal 4:	Define performance requirements for PDS(C)CH and PUS(C)CH for ATG UE and BS, and more robust MCS scheme than HST UE can be considered for PDSCH/PUSCH performance requirements.
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