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Introduction
In RAN#95e meeting, the work item [RP-221369] on Air-to-ground network for NR was approved as one of Rel-18 RAN4 package. During the last RAN4 meeting, quite limited progress has been reached for ATG coexistence assumption, therefore in this contribution, we want to share further views on ATG coexistence study. 
· 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
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK13]Discussion  
2.2. System parameters
[bookmark: _Toc94170344][bookmark: _Toc104210154][bookmark: _Toc87889243][bookmark: _Toc104122348][bookmark: _Toc104502866]2.2.1	ATG parameters
The general parameters for ATG network coexistence study are listed in the following Table 2.2.1-1.
[bookmark: _Toc87889244]Table 2.2.1-1: the general system parameters for ATG network
	ATG CPE altitude 
	3~7km (Note 2), 10 Km 

	3~7km (Note 2), 10Km .

	3~7km (Note 2), 10 Km


	Carrier frequency 
	4.9 GHz
	3.5 GHz
	2.1GHz

	Frequency reuse factor
	1
	1
	1

	Duplex scheme
	TDD
	TDD
	FDD

	Channel bandwidth
	100 MHz
	100MHz
	20MHz

	Subcarrier spacing (SCS)
	30 KHz
	30 KHz
	15 KHz

	Number of cells
	1
	1
	1

	Frequency reuse 
	1
	1
	1

	Environment1
	Rural
	Rural
	Rural

	UE distribution
	Single UE per ATG cell
	Single UE per ATG cell
	Single UE per ATG cell

	Indoor UE percentage
	0%
	0%
	0%

	Number of DL scheduled UEs per cell
	1
	1
	1

	Number of UL scheduled UEs per cell
	1
	1
	1

	DL scheduled bandwidth per UE
	100 MHz
	100 MHz
	20MHz

	UL scheduled bandwidth per UE
	100 MHz
	100 MHz
	20MHz

	DL power control
	No
	No
	No

	UL power control
	See section 2.6.2
	See section 2.6.2
	See section 2.6.2

	ATG BS antenna
	See section 2.3.1
	See section 2.3.1
	See section 2.3.1

	ATG BS noise figure
	5 dB
	5 dB
	5 dB

	ATG BS to UE pathloss model
	See section 2.5.1
	See section 2.5.1
	See section 2.5.1

	ATG UE assumption
	See section 2.2.2
	See section 2.2.2
	See section 2.2.2

	NOTE 1: 	ATG BS is assumed to serve UEs in the rural environment.
NOTE 2:  Regarding the low boundary for ATG CPE operation, we prefer to keep it open until we got some concrete evaluation results.



As shown in the following figure, only single ATG UE is supposed to be served by the ATG BS. And for the simplification of coexistence study of ATG network, ATG UE is supposed to be moving in the line of ATG BS deployment as shown in following Figure 2.2.1-1.
[image: ]

Figure 2.2.1-1 ATG network coexisting with terrestrial network [Rural area]

During the last RAN4 meeting, there were some initial discussions on ATG network layout. In general, ATG network are deployed on the airline routes to provide the service and its ISD of ATG network is quite large compared with TN BS ISD (e.g. 7.5km) in rural area, therefore we don’t see the necessity of considering the multiple ATG BS in the large area in the same coexistence evaluation. In addition, regarding how to drop the TN cluster into the ATG network layout, from our understanding, option 1 should be most stringent scenario to check its impact from adjacent channel.
<Way forward 10>: Potential assumption for network layout of ATG.
· Option 1: ATG network can be deployed on the airline routes.
· Option 2: ATG network can be deployed in larger area

<Way forward 11>: The assumption for network layout of NR terrestrial network
· 19-sites 57 sectors with wrap-around can be assumed.
· FFS how to drop the TN cluster.
· Option 1: drop TN clusters close to ATG BS
· Option 2: Dropping clusters of TN cells randomly

Proposal 2: to consider the option 1 for ATG network layout and option 1 to drop the TN cluster.
[bookmark: _Toc104210155][bookmark: _Toc94170345][bookmark: _Toc104122349][bookmark: _Toc104502867]2.2.2	ATG UE parameters
ATG UE parameters are given in Table 2.2.2-1
Table 2.2.2-1: ATG UE characteristics for system level simulations
	Characteristics
	CPE
	CPE

	Frequency band
	2.1GHz 
	3.5GHz and 4.9GHz

	Antenna type and configuration
	Omini antenna assumption
	Antenna array assumption : (Note 1) 
 (8x2x2) or  (16x1x2) 

	Polarisation
	Linear: +/-90°X-pol
	Linear: +/-90°X-pol

	Rx Antenna gain 
	0dBi
	4-5dBi；

	Antenna temperature
	290 K
	290 K

	Noise figure
	9 dB
	9 dB

	Tx transmit power
	33dBm per polarization;
36dBm for two polarization;
	26dBm per polarization 


	Tx antenna gain
	0dbi
	4-5dBi；

	NOTE 1: 8 or 16 antenna elements are placed along the aircraft moving direction for the ease of the installation.



Table 2.2.2-2: antenna array assumption for ATG UE at 3.5GHz and 4.9GHz
	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
[54º] for V /[60-70]

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30dBc

	1.5
	Antenna polarization 
	Linear ±90º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	 (8x2x2) or  
(16x1x2) 

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V



[bookmark: _Toc94170347][bookmark: _Toc104122351][bookmark: _Toc104210157][bookmark: _Toc104502869][bookmark: _Toc87889246]2.2.3	TN parameters
TN parameters for co-existence study are given in Table 2.2.3-1, 2.2.3-2 and 2.2.3-3.
Table 2.2.3-1: Simulation assumptions of TN respectively based on NR
	
	NR
	NR

	Carrier frequency in GHz
	2.1GHz
	3.5GHz and 4.9GHz

	Size of each nominal channel BW in MHz
	20
	100

	Transmission bandwidth in MHz
	N/A
	N/A

	Environment
	Rural
	Rural

	Network layout
	19-sites 57 sectors with wrap-around
	19-sites 57 sectors with wrap-around

	Inter-site distance in meter
	7500m
	7500m

	System loading and activity
	NA
	NA

	Network location
	See Figure 2.3.3-1
	See Figure 2.3.3-1

	DL subcarrier spacing
	15kHz
	30kHz

	UL
	OFDMA
	OFDMA

	DL power control
	No
	No

	UL power control
	TR 36.942[8]
	TR 36.942[8]

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	1
	1

	UE antenna height in meter
	1.5m
	1.5m

	UE TX power in dBm
	-40 to 23
	-33 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	In pathloss model, TR 38.901[10]
	In pathloss model, TR 38.901[10]

	Cell selection margin in dB
	3
	3

	BS-MS min distance in meters
	35
	35

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR 38.901[10]
	TR 38.901[10]

	Standard deviation of BS-UE log-normal shadow fading in dB
	Deployment scenario related, referring to TR 38.901[10]
	Deployment scenario related, referring to TR 38.901[10]

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	Inter-cell 0.5 
Intra-cell 1

	Link-level performance model
	See Section 6.2.8
Throughtput-SINR mapping
	See Section 6.2.8
Throughtput-SINR mapping

	UE distribution
	Uniform
	Uniform

	Evaluation metrics
	See Section 6.2.8 
Throughtput or SNR loss criteria
	See Section 6.2.8 
Throughtput or SNR loss criteria



Table 2.2.3-2: Deployment-related parameters of TN
	
	Urban Macro 
	Rural Macro 
	Remarks

	ISD in meters
	NA
	7500
	ITU-R Report M.2292[11]

	BS Antenna height in meters
	NA
	30
	

	UE Outdoor/indoor
	100% Outdoor
	

	UE height in meter
	NA
	1.5
	RP-200559 [12] 3GPP LS to ITU-R WP5D and ITU-R WP5D
[IMT_Parameters] [13]



Table 2.2.3-3: ACLR/ACS for TN 
	
	NR

	BS
	ACLR
	45 dB

	
	ACS
	46 dB

	UE
	ACLR
	30dB (ACLR1)
43dB (ACLR2)

	
	ACS
	33



As shown in the following figure 2.3.3-1, since ISD of ATG BS is relatively large and only one ATG CPE is active in one time. Therefore we only need to consider the TN BS around ATG BS as shown in the following Figure. 

[image: ]
Figure 2.3.3-1. ATG network coexisting with terrestrial network [Rural area]

2.2.4	TN UE parameters
TN UE parameters are given in Table 2.2.4-1
Table 2.2.4-1: TN UE characteristics for system level simulations
	Characteristics
	UE

	Frequency band
	2.1GHz, 3.5GHz and 4.9GHz

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	9 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element



[bookmark: _Toc104122352][bookmark: _Toc104502870][bookmark: _Toc94170348][bookmark: _Toc104210158]2.3.  Antenna and beamforming pattern modelling
[bookmark: _Toc94170350][bookmark: _Toc104210160][bookmark: _Toc87889249][bookmark: _Toc104502872][bookmark: _Toc104122354]2.3.1	ATG BS and UE antenna and beam forming pattern modelling
For AAS antenna for ATG BS, it refers to the pattern in TR 38.921.
Table 2.3.1-1: AAS antenna parameters for ATG BS at 2.1GHz, 3.5GHz and 4.9GHz
	
	
	Rural
	

	1
	ATG BS Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921[14]

	1.2
	Element gain (dBi) (Note 2)
	7.1

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V
	

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	

	1.5
	Antenna polarization 
	Linear ±45º
	

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements
	

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V
	

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25
	

	1.10
	Base station maximum coverage angle in the horizontal plane (degrees)
	120
	

	1.12
	Mechanical up-tilt (degrees)
	20 degree 50-70km ISD
5.7 degree 100km ISD
TBD degree for 200km ISD
	



2.3.2	TN BS and UE antenna and beam forming pattern modelling
For AAS antenna of TN BS, it refers to the pattern in TR 38.921.
Table 2.3.2-1: AAS antenna parameters for TN BS at 2.1GHz, 3.5GHz and 4.9GHz
	
	
	Rural
	

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921[14]

	1.2
	Element gain (dBi) (Note 2)
	7.1
	

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V
	

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	

	1.5
	Antenna polarization 
	Linear ±45º
	

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements
	

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V
	

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25
	

	1.10
	Base station maximum coverage angle in the horizontal plane (degrees)
	120
	

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	

	1.12
	Mechanical downtilt (degrees)
	3
	



For non-AAS antenna of TN BS, the parameters in Table 2.3.2-2 are used for TN BS antenna pattern in the ATG coexistence simulation. 
Table 2.3.2-2: FR1 BS Non-AAS antenna pattern for TN BS at 2.1GHz, 3.5GHz and 4.9GHz
	 Parameter for BS
	Values

	Antenna vertical radiation pattern (dB)
	

	Antenna horizontal radiation pattern (dB)
	


	Combining method for 3D antenna pattern (dB)
	

	Maximum directional gain of an antenna GE,max
	17 dBi 

	Conducted power
	46 dBm

	Mechanical downtilt in degrees
	Rural
	3

	
	Urban
	NA



[bookmark: _Toc94170352][bookmark: _Toc104210162][bookmark: _Toc87889251][bookmark: _Toc104122356][bookmark: _Toc104502874]2.4. ACIR model
ACLR modelling for TN and ATG co-existence study referring to clause 5.1.1.4.1 and 5.1.1.4.2 in TR 36.942[8] is used as baseline. 
[bookmark: _Toc87889252][bookmark: _Toc104210163][bookmark: _Toc104122357][bookmark: _Toc94170353][bookmark: _Toc104502875]2.5. Propagation model
[bookmark: _Toc104502876][bookmark: _Toc87889253][bookmark: _Toc104122358][bookmark: _Toc94170354][bookmark: _Toc104210164]2.5.1 Propagation model between ATG BS and UE
Propagation model between ATG BS and UE should reference to section 6.6 in TR 38.811[5].
[bookmark: _Toc104210165][bookmark: _Toc104502877][bookmark: _Toc104122359][bookmark: _Toc87889254][bookmark: _Toc94170355]2.5.2	Propagation model between TN BS and UE
Propagation model between TN BS and UE should reference to section 7.4 in TR 38.901[10].
[bookmark: _Toc104502878][bookmark: _Toc94170356][bookmark: _Toc87889255][bookmark: _Toc104210166][bookmark: _Toc104122360]2.5.3	Propagation model between ATG BS and TN BS
Propagation model between ATG BS and TN BS should reference to TS 38.811[5] which is used for DL-UL cross link interference for band n1.
[bookmark: _Toc104210168][bookmark: _Toc104122362][bookmark: _Toc94170358][bookmark: _Toc104502880][bookmark: _Toc87889257][bookmark: _Toc494384421]2.6. Transmission power control model
[bookmark: _Toc104210169][bookmark: _Toc104122363][bookmark: _Toc87889258][bookmark: _Toc104502881][bookmark: _Toc94170359]2.6.1	TN UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942[8] is applied for TN with following parameters.


where: 
-	Pmax = 23dBm, 
-	Rmin = TBD dB, 
-	CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1For uplink scenario, 
[bookmark: _Toc104122364][bookmark: _Toc104210170][bookmark: _Toc94170360][bookmark: _Toc87889259][bookmark: _Toc104502882]2.6.2	ATG UL TPC
For the coexistence study, the same TPC model of TN for ATG UL scenarios is adopted
[bookmark: _Toc87889260][bookmark: _Toc104122365][bookmark: _Toc94170361][bookmark: _Toc104502883][bookmark: _Toc104210171]2.6.3	ATG DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc87889261][bookmark: _Toc104502886][bookmark: _Toc94170362][bookmark: _Toc104122368][bookmark: _Toc104210174]2.7. Received power model
The received power in downlink and uplink scenarios is defined as below:
RX_PWR = TX_PWR – Path loss + G_TX + G_RX
where:			
-	RX_PWR is the received power
-	TX_PWR is the transmitted power
-	G_TX is the transmitter antenna gain (directional array gain)
-	G_RX is the receiver antenna gain (directional array gain).
[bookmark: _Toc104502887][bookmark: _Toc104210175][bookmark: _Toc104122369][bookmark: _Toc87889262][bookmark: _Toc94170363]2.8. Performance metric
For NR, the average throughput loss and 5%-ile throughput loss should be less than 5%.
For ATG, the average throughput loss and 5%-ile throughput loss should be less than 5%.
[bookmark: _Toc94170364][bookmark: _Toc87889263][bookmark: _Toc104122370][bookmark: _Toc104210176][bookmark: _Toc104502888]2.9. Throughput ~ SNR mapping
The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
[image: ]
Where:	
S(SNIR)	Shannon bound, S(SNIR) =log2(1+SNIR) [bps/Hz]
		Attenuation factor, representing implementation losses
SNIRMIN  	Minimum SNIR of the code set, dB
SNIRMAX 	Maximum SNIR of the code set, dB

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 2 represent a baseline case, which assumes: 
· 1:1 antenna configurations
· AWGN channel model 
· Link Adaptation (see table 2 for details of the highest and lowest rate codes)
· No HARQ
Table 2: Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 



Conclusions
In this contribution, we shared some further views on coexistence study for ATG coexistence and proposals are made as following:
Proposal 1: to consider the coexistence scenario in Table 2.1-1 by the removal of scenario 7 and scenario 8 and proposed frequency and bandwidth configuration in Table 2.1-2 for ATG coexistence study. 
Proposal 2: to consider the option 1 for ATG network layout and option 1 to drop the TN cluster.
Proposal 3: to use the simulation assumptions in this contribution as baseline for further coexistence study.
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