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1 Background
In RAN#95e meeting, a new work item [1] on Air-to-ground network for NR was established. In this RAN4 meeting, companies provided a lot of contributions [2~9] to discuss the co-existence study for ATG. In this way forward, we’d like to collect the outcome based on the 1st round discussion.
2 General issues
<Way forward 1>: The following assumption can be acceptable.
· “The ATG network should be distinguished from TN network to enable/disable specific type of UE access”

<Way forward 2>: Discuss whether ATG BS can be co-located with TN BS
· Proposal: that the scenario of ATG BS non-co-located with TN BS is included. Whether the scenario of ATG BS co-located with synchronized TN BS should be included will be decided in the next meeting.

· Note: working group can clarify if “the TN BS with ATG BS are synchronized then co-location” is a valid scenario.
<Way forward 3>: Clarify an assumption on the density of aircraft within the simulation area.
· Option 1: It’s assumed single UE per ATG BS as a starting point.

· Option 2: FFS
<Way forward 4>: How can RAN4 determine the ATG BS ISD and number of beams per BS?
· It’s encouraged to provide the ATG ISD evaluation based on both capacity and coverage.
<Way forward 5>: For commercial aircraft flight, what is the range of UE altitude?
Agreement:

For UE altitude of commercial aircraft flight,
· The following upper and lower boundary can be considered.

· UE altitude (upper boundary): range: 10km

· UE altitude (lower boundary): range: 3~7km
· Choose one fixed value for one simulation.
<Way forward 6>: Discuss whether to consider other scenarios with lower altitude and speed (in addition to commercial aircraft) when setting requirements, e.g. helicopters
· Only aircraft is considered in this WI.
3 The outline for ATG co-existence study
<Way forward 7>: The following outline can be a starting point for ATG co-existence study.
1. Co-existence simulation scenario

2. Co-existence simulation assumption

2.1 Network layout model

1) Co-existence between ATG and NR terrestrial network

2) Co-existence between ATG and ATG (Moderator’s note: It depends on whether ATG co-existence with ATG will be simulated)

2.2 System parameters

1) ATG parameters

2) ATG UE parameters

3) TN BS and UE parameters

2.3 Antenna and beamforming pattern modelling

1) ATG BS antenna model

2) ATG UE antenna model

3) TN BS antenna model

4) TN UE antenna model

2.4 ACLR and ACS modelling

2.5 Propagation model

1) Propagation model between ATG BS and ATG UE

2) Propagation model between TN BS and TN UE

3) Propagation model between ATG BS and TN BS

4) Propagation model between ATG BS and TN UE

5) Propagation model between TN BS and ATG UE

6) Propagation model between TN UE and ATG UE

2.6 Transmission power control model

1) TN UL TPC

2) TN DL TPC

3) ATG UL TPC

4) ATG DL TPC

2.7 Received power model

2.8 Performance metric

2.9 Link level performance for NR ATG coexistence

3. Co-existence simulation methodology

4. Co-existence simulation results

<Way forward 8>: Is the co-existence scenario adjacent channel only or both adjacent channel and co-channel?
Agreement:

· Focus on adjacent channel co-existence scenario in RAN4.

4 Co-existence simulation scenario
<Way forward 9>: 

· The following scenarios can be assumed as starting point.

	No.
	Combination
	Aggressor
	Victim
	Simulation frequency
	Notes
	Study Phase

	
	
	deployment scenario

UL/DL
	CBW

duplex mode
	deployment scenario

UL/DL
	CBW

duplex mode
	
	
	

	1
	TN with ATG
	ATG DL
	100MHz

TDD
	TN rural DL
	100MHz

/TDD
	3.5 GHz
	
	Phase 1

	2
	TN with ATG
	ATG UL
	100MHz

TDD
	TN rural UL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	3
	TN with ATG
	TN rural DL
	100MHz

TDD
	ATG DL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	4
	TN with ATG
	TN rural UL
	100MHz

TDD
	ATG UL
	100MHz

TDD
	3.5GHz
	
	Phase 1

	5
	TN with ATG
	ATG DL
	100MHz

TDD
	TN rural UL
	100MHz

/TDD
	3.5GHz
	
	FFS

	6
	TN with ATG
	ATG UL
	100MHz

TDD
	TN rural DL
	100MHz

TDD
	3.5GHz
	
	FFS

	7
	TN with ATG
	TN rural DL
	100MHz

TDD
	ATG UL
	100MHz

TDD
	3.5GHz
	
	FFS

	8
	TN with ATG
	TN rural UL
	100MHz

TDD
	ATG DL
	100MHz

TDD
	3.5GHz
	
	FFS

	9
	TN with ATG
	ATG DL
	20MHz FDD
	TN rural DL
	20MHz FDD
	2 GHz
	
	Phase 1

	10
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural UL
	20MHz FDD
	2 GHz
	
	Phase 1

	11
	TN with ATG
	TN rural DL
	20MHz FDD
	ATG DL
	20MHz FDD
	2 GHz
	
	Phase 1

	12
	TN with ATG
	TN rural UL
	20MHz FDD
	ATG UL
	20MHz FDD
	2 GHz
	
	Phase 1

	13
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural DL
	20MHz TDD
	2 GHz
	n1/n39
	FFS

	14
	TN with ATG
	TN rural DL
	20MHz TDD
	ATG UL
	20MHz FDD
	2 GHz
	n39/n1
	FFS


5 Co-existence network layout
<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

<Way forward 12>: The assumption for network layout between ATG and ATG.
· No need to further discuss this issue since ATG to ATG scenario has been removed.
6 Co-existence system parameters
<Way forward 13>: 

· The initial system parameters outline for ATG BS is assumed as below.

	ATG BS altitude 
	FFS

	Carrier frequency 
	2GHz, 3.5GHz

	Frequency reuse factor
	1

	Duplex mode
	FDD@2GHz, TDD@3.5GHz

	Channel bandwidth
	20MHz@2GHz, 100MHz@3.5GHz

	Subcarrier spacing (SCS)
	15k@2GHz, 30k@3.5GHz

	Number of cells
	TBC

	Environment1
	To be removed?

	UE distribution
	TBC

	Indoor UE percentage
	0%

	Number of DL active UEs per cell (NOTE 2)
	FFS

	Number of UL active UEs per cell

(NOTE 2)
	FFS

	DL scheduled bandwidth per UE
	FFS

	UL scheduled bandwidth per UE
	FFS

	Traffic model
	Full buffer

	ATG BS maximum output power
	FFS

	ATG BS noise figure
	5dB

	Handover margin
	FFS

	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



<Way forward 14>: 

· The initial system parameters outline for ATG UE is assumed as below.

	ATG UE altitude 
	FFS based on outcome of WF 5

	Carrier frequency 
	2, 3.5GHz

	ATG UE max TX power in dBm
	FFS

	ATG UE min TX power in dBm
	FFS

	ATG UE noise figure
	FFS


<Way forward 15>: 

· The initial system parameters outline for TN BS and TN UE is assumed as below.

	Parameters
	
	
	

	Carrier frequency
	
	
	

	Channel bandwidth
	
	
	

	Scheduled channel bandwidth per UE (DL)
	
	
	

	Scheduled channel bandwidth per UE (UL)
	
	
	

	The number of active UE (DL) (Note 1)
	
	
	

	The number of active UE (UL) (Note 1)
	
	
	

	Traffic model
	
	
	

	DL power control
	
	
	

	UL power control
	
	
	

	TN BS-UE min distance in meters
	
	
	

	TN BS max TX power in dBm
	
	
	

	TN UE max TX power in dBm
	
	
	

	TN UE min TX power in dBm
	
	
	

	TN BS Noise figure in dB
	
	
	

	TN UE Noise figure in dB
	
	
	

	Handover margin
	
	
	

	Note 1 
Same as the number of BS beam(s);
Note 2:
TN BS max TX power is defined per polarization



7 Antenna and beamforming pattern modelling
<Way forward 16>: Please discuss the initial Antenna and beamforming pattern modelling outline for ATG BS.

· Option 1: It’s listed as below

	
	
	ATG

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	

	1.2
	Element gain (dBi) (Note 2)
	

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	

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

	1.5
	Antenna polarization 
	

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

	1.7
	Number of supported polarizations, P
	

	1.8
	Horizontal/Vertical radiating element spacing 
	

	1.9
	Array Ohmic loss (dB) (Note 2)
	

	
1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	

	1.11
	Base station maximum coverage angle in the horizontal plane (degrees)
	

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	

	1.13
	Mechanical uptilt (degrees)
	


Note 1:
The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.

Note 2:
The element gain in row 1.2 includes the loss given in row 1.9.

Note 3:
The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).

Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

· Option 2: Date parameterized model in 38.803 section 5.2.3.2.4 should be used (apart from that the pre-set downtilt should be adjusted for ATG)
<Way forward 17>: Please discuss the initial Antenna and beamforming pattern modelling outline for ATG UE

· Option 1: Omni antenna assumption.

· Option 2: ATG UE has beam steering capability.

· Option 3: antenna mounted on the aircraft are directional without beam steering capability.

<Way forward 18>: Please discuss whether we need to consider both AAS BS and non-AAS BS

· Only consider AAS BS
<Way forward 19>: Please discuss the initial Antenna and beamforming pattern modelling outline for TN AAS BS.

· Option 1: It’s listed as below

	
	
	Rural/sub-urban…..

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	

	1.2
	Element gain (dBi) (Note 2)
	

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	

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

	1.5
	Antenna polarization 
	

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

	1.7
	Number of supported polarizations, P
	

	1.8
	Horizontal/Vertical radiating element spacing 
	

	1.9
	Array Ohmic loss (dB) (Note 2)
	

	
1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	

	1.11
	Base station maximum coverage angle in the horizontal plane (degrees)
	

	1.12
	Base station vertical coverage range (degrees) (Note 1)
	

	1.13
	Mechanical downtilt (degrees)
	


Note 1:
The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.

Note 2:
The element gain in row 1.2 includes the loss given in row 1.9.

Note 3:
The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).

Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

· Option 2: The TN BS use the model of 38.803 section 5.2.3.2.4 using sub-arrays.

<Way forward 20>: Please discuss the initial Antenna and beamforming pattern modelling outline for TN UE

· The following assumption for TN UE antenna is agreeable.

	Characteristics
	Handheld

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

	Polarisation
	Linear: +/-45°X-pol

	Tx/Rx Antenna gain 
	0 dBi per element

	the number of Tx and Rx
	1T2R


Reference
[1] RP-220962, New WID: Air-to-ground network for NR, CMCC
[2] R4-2211916, General consideration on ATG, Apple
[3] R4-2212315, ATG simulation assumption, CMCC
[4] R4-2212383, Discussion on ATG FR1 co-existence evaluation for ATG network, LG Electronics UK
[5] R4-2212616, Discussion on scenarios and deployment assumptions for ATG, Ericsson
[6] R4-2213158, General discussion on coexistence scenario and assumption for ATG scenario, Huawei, HiSilicon
[7] R4-2213186, Coexistence scenarios of Air-to-ground network for NR, Qualcomm Incorporated
[8] R4-2213686, Discussion on coexistence evaluation for ATG network, ZTE Corporation
[9] R4-2211712, Discussion of the ATG co-existence simulation assumption, CATT
