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Introduction
A new work item [1] on Air-to-ground (ATG) network for NR was approved in RAN#95e meeting ,with the following objectives: 
· Specify features to core specifications for ATG BS and UE [RAN4]
· Scenario: 
· 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
· Note: The deployment characteristics described in the justification section shall be taken as a basis for the technical discussion.
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.
· Perform FR1 co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Identify key characteristics where it is necessary to differentiate ATG ground-based BS and UEs from conventional ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible, e.g.,
· Reuse TN BS requirements for ATG BS
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Taking into account identified differences between ATG and fully ground based systems
· Consider BS type 1-C/1-H/1-O and specify the requirements
· Consider conductive requirements for UE
· Specify RRM core requirements for ATG UE 
· Taking into account identified differences between ATG and fully ground based systems
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects
· Specify new UE/BS type(s) for ATG network if necessary

In this contribution, we will discuss on some general aspects on the RF requirements for ATG BS.
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Comparison of conventional BS and ATG BS
Comparison of conventional BS and ATG BS are listed inTable 1. 
Table 1. Comparison of conventional BS and ATG BS
	
	conventional BS
	ATG BS

	Layout
	· Rural，Urban，Suburban
	· Suburban 

	Antenna 
	· BS Antenna  point to ground，obstacles are common between BS and UE
	· BS Antenna point to sky ，a direct radio link between BS and CPE mounted in the aircraft

	Altitude
	· 25m
	· 40-100m

	Max coverage
	· 0.1 ~ 2km
	· 50 ~ 300km

	UE 
	· Altitude: ground or buildings
· Speed: 0-60km/h
· UE w/o directional antenna
	· Altitude: 6~12km
· Speed: 1000km/h
· UE w/ directional antenna

	Duplex mode
	· FDD and TDD 
	· FDD and TDD



As showed in the above table，compared with the traditional BS, ATG BS provides super-distance coverage（up to 300km）, and  the speed of ATG UE is much higher . Although ATG BS has a little difference in scenario with conventional BS, we see no need to specify new BS type for ATG network.

Observation1: Although ATG BS has a little difference in scenario with conventional BS, there’s no need to specify new BS type for ATG network.
[bookmark: _Toc21127423]Operating bands and channel arrangement
As described in the WID, the example bands include n1, n78 and n79 .

	MSR and E‑UTRA Band number
	NR Band number
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Duplex Mode

	1
	n1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	78
	n78
	3300 MHz 
	–
	3800 MHz
	3300 MHz 
	–
	3800 MHz
	TDD

	79
	n79
	4400 MHz
	-
	5000 MHz
	4400 MHz
	-
	5000 MHz
	TDD



Transmission bandwidth configuration
The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in table 5.3.2.-1 for FR1.
[bookmark: _Hlk497144372]Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135



5G NR offers flexible numerology. In general, Doppler shift depends on the operating carrier frequency and user equipment (UE) speed. Higher SCS values are more robust to Doppler shifts and phase noise.Too narrow subcarrier spacings lead to performance degradations in high Doppler scenarios. For ATG,30kHz SCS is more appropriate.However,this would not be mandatory in standards, leave it for implementation.
BS type and BS classes
ATG BS products are assumed to be 1-C/1-H/1-O.Therefore, both conducted, as well as radiated requirements are required to be considered.
Considering the particularity of ATG network deployment, it needs extreme large cell coverage range (e.g., up to 300 kilometres) and flight speed ,it can only be Wide Area Stations. The high-speed mobility feature of the base station is required to eliminate the Doppler effect at 1200 km/h. The high-power and narrow-beam beamforming antennas are used to enable a single base station to cover the altitude below 15 km and the air lines above 100 km,even up to 300km.It is more easy to meet the requirements by AAS. Therefore, we consider that the mainstream type of ATG BS is AAU. But RRU is not excluded.If type 1-C RRUs are used, usually they can provide only wide beams. Therefore, to meet the link budget r for remote coverage, antenna gain must be very high.
Observation 2: ATG BS is Wide Area Stations considering its scenario and needs .The mainstream type of ATG BS is 1-O and 1-H，however type 1-C is not excluded.

Link Budget
Based on the parameters listed in the following table ,link budge shows that the downlink coverage can be up to 245 km，and the uplink coverage can be reach 195 km. The balance between the uplink and downlink is basically achieved.
Table 1: Link budget for ATG

	Deployment Scenario
	　
	4T4R UE
	4T4R UE

	Data channel
	　
	DL PDSCH
	UL PUSCH

	Cell edge rate (Mbps)
	　
	　
	　

	Transmission Power
	BS/UE TX Power(dBm)
	A
	46.0 
	29.0 

	
	Total RB number
	B
	273.0 
	273.0 

	
	Scheduling RB number
	C(<=B)
	273.0 
	273.0 

	
	Subcarrier spacing (kHz)
	D
	30.0 
	30.0 

	
	Tx Power/Subcarrier(dBm)
	E=A-10*log10(C*12)
	10.8 
	-6.2 

	System Margin
	BS/UE TX Antenna Gain (dB)
	F
	23.0 
	10.0 

	
	Fast Fading Margin (dB)
	G
	0.0 
	0.0 

	
	Shadow Fading Margin(dB)
	H
	0.0 
	0.0 

	
	Interference Margin(dB)
	I
	0.0 
	0.0 

	
	Penetration Loss(dB)
	J
	0.0 
	0.0 

	
	UE/ BS RX Average Antenna Gain (dB)
	K
	10.0 
	23.0 

	
	RX cable/body Loss(dB)
	L
	0.0 
	0.0 

	
	Total System Margin(dB)
	M=-F+G+H+I+J-K+L
	-33.0 
	-33.0 

	Sensitivity
	Thermal Noise (dBm/Hz)
	N=10*LOG10(1.38E-23*290)+30
	-174.0 
	-174.0 

	
	UE/BS Noise Figure (dB)
	P
	9.0 
	5.0 

	
	Noise Power per subcarrier (dBm)
	Q=N+P+10*log10(D*1000)
	-120.2 
	-124.2 

	
	SNR (dB)
	R
	10.0 
	-1.0 

	
	Sensitivity per subcarrier(dBm)
	S=Q+R
	-110.2 
	-125.2 

	Results
	Maximum path loss (dB)
	T=E-M-S
	154.1 
	152.1 

	FSPL
	Center frequency (GHz)
	U
	4.9 
	4.9 

	
	Maximum distance (km)
	V=10^（T-（32.45+20*log10（U）+60））/20)
	245.4 
	195.0 
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Base station output power
For ATG network, ground-based cell towers send signals up to an onboard ATG terminal, due to the high line-of-sight propagation probability,  signals can somewhat be viewed as propagating in free space. We assume that ATG BS output power is 46dBm. And it will be checked in the link budget later.
Operating band unwanted emissions
ATG system sharing the same frequency with terrestrial network , NR unwanted emission mask requirements should be reused.
Proposal 1: Reuse the NR Operating band unwanted emissions specification for ATG BS.
Transmitter spurious emissions
Transmitter spurious emissions should meet the requirements of ITU-R SM329,CEPT,FCC etc. In addition, the interference between the ATG system and external systems (radio astronomy), need to be evaluated.
Proposal 2: Reuse the NR transmitter spurious emissions specification for ATG BS.
Reference sensitivity level
For ATG BS,NF&SNR are the same as normal NR BS，therefore existing NR BS reference sensitivity requirement can be reused for ATG BS .
Proposal 3: Reuse the NR Reference sensitivity level for ATG BS.
3  Conclusions
[bookmark: _GoBack]In this contribution, some RF requirements for ATG BS are discussed with following observation and proposals:
Observation1: Although ATG BS has a little difference in scenario with conventional BS, there’s no need to specify new BS type for ATG network.
Observation 2: ATG BS is Wide Area Stations considering its scenario and needs .The mainstream type of ATG BS is 1-O and 1-H，however type 1-C is not excluded.
Proposal 1: Reuse the NR Operating band unwanted emissions specification for ATG BS.
Proposal 2: Reuse the NR transmitter spurious emissions specification for ATG BS.
Proposal 3: Reuse the Reference sensitivity level for ATG BS.
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