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1. Introduction
ATG co-existence WF is approved in last meeting [1]. There are still some issues that need further discussion. In this contribution, we focus on the discussion of remaining issues for ATG co-existence.
2. Discussion
2.1 Co-location scenario
About the scenario that TN BS is synchronized with ATG BS then co-located. The prerequisite of co-location is synchronization to avoid severe interference which usually will block victim as discussed in TR 38.828. For TDD operation band, the propagation delay from air ATG UE to ground BS is relatively large, e.g. 10km/(3e8m/s)=33.3us. GP required to avoid DL-UL cross band interference is equal to 2*propagation delay + TAoffset= 79.7us which is larger than 2 symbols for FR1 30KHz SCS.
Observation 1: longer GP is required to avoid DL-UL cross band interference, e.g. 3 symbols or even larger for FR1 30kHz SCS.
But for practical terrestrial network, normally only one symbol is reserved as guard period. ATG network require more guard period compared with TN network. to enhance spectrum utilization and reduce waste of guard period, normally ATG network will use much larger TDD configuration period, e.g. 20ms period. From this point of view, normally ATG network and TN network will not be synchronized. As a result, to avoid blocking interference, ATG gNB will not be co-located with TN gNB.
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Figure 1. TDD frame structure for ATG in 30kHz SCS
Observation 2: normally ATG network will not be synchronized with TN network. to avoid gNB-gNB blocking, ATG gNB will not be allocated with TN gNB. 
Proposal 1: it’s better not consider co-location scenario between ATG gNB and TN gNB.
2.2 density of aircraft for simulation
As in TN simulation, we only assume one TN UE per cell to reduce simulation workload but actual aircraft density of UE is much larger. From this point of view, it’s better to reuse the same assumption as TN simulation that deploy only one UE per cell.
Proposal 2: single UE per ATG BS is assumed for simulation assumption.
2.3 ATG BS ISD and number of beams per BS
Following table show the link budget for ATG UL and DL with the antenna assumption in [2]. it is hard to provide 300km cell radius for UL.
Table 1. UL link budget for ATG
	UL
	2.1GHz
	4.9GHz

	BW
	20M
	100M

	ATG UE max EIRP
	36
	46

	ATG gNB max receiver gain
	25.1
	25.1

	Target SNR
	-1
	-1

	N
	-174+73+9(NF)
	-174+80+9(NF)

	3D-distance for free space propagation loss
	578km
	350km

	3D-distance for free space propagation loss+ 2dB other loss (e.g. atmospheric gasses, ionospheric or tropospheric scintillation)
	459km
	278km


Observation 3: based on antenna assumption provided from vendor, it may be challenging to achieve 300km cell radius.
The relationship between cell radius and ISD is related to network layout. If we use legacy 3-cell per site assumption and each cell is one hexagon area, ISD equal to 3*cell radius. If we assume other kind of layout, we need to redefine the relationship between ISD and cell radius. Compared with ISD, we use cell radius when analyzing capacity. 
Traffic model and airplane density for ATG is under study in CCSA as showed in following table 2 and table 3. Our analysis is based on these assumption which is still under discussion.
Following table 2 show the throughput calculation per airplane which is copied from CCSA draft report.
Table 2. throughput calculation per airplane
	Traffic model
	Simultaneous active UE number
	DL target throughput
Mbps
	UL target throughput
Mbps

	social media
	7
	0.25 per user
	0.05 per user

	Video chat
	5
	0.5 per user
	0.5 per user

	standard-definition video
	15
	1 per user
	0.024 per user

	high-definition video
	5
	2 per user
	0.048 per user

	Web browsing
	25
	0.25 per user
	0.0375 per user

	others
	15
	0.25 per user
	0.016 per user

	total
	72
	39.25 
	4.6

	Note: assuming 180 seats per airplane, 80% passengers, 50% of whom use ATG service.


Observation 4: one possible assumption for throughput per airplane is 39.25Mbps for DL and 4.6Mbps for UL. 
1200 airplanes are assumed on the fly in China at the same time before COIVD-19. There is no accurate airplane distribution, following table evaluate airplane density based on the passenger distribution in different provinces.
Table 3. airplane density per 10000 square km
	
	location
	Areas 
/10000 square km
	Percentage of Passenger 
	Airplane number in the air at the same time
	Airplane density
Number of Airplane per 10000 square km

	
	
	A
	B assumption
	C=1200*B
	D=C/A

	Non-busy routes
	Northeast of China, southwest of China, northwest of China
	693
	31.8
	381.6
	0.55

	Busy routes
	East China, central China, south China
	183
	38.7
	464.4
	2.54

	Very busy routes
	North China
	87
	29.5
	354
	4.07

	total
	-
	963
	100
	1200
	1.25


Observation 5: airplane density assumption is listed in table 3.
Following table show number of airplanes per hexagon area with different radius.
Table 4. number of airplanes per hexagon area with different radius.
	
	Radius of one hexagon area/km

	
	60
	90
	120
	150
	180

	Non-busy route
	0.55*()*602 
=0.51
	0.55*()*902 
=1.16
	0.55*()*1202
=2.06
	0.55*()*1502
=3.22
	0.55*()*1802
=4.63

	Busy route
	2.54*()*602
=2.38
	2.53*()*902
=5.35
	2.53*()*1202
=9.50
	2.53*()*1502
=14.85
	2.53*()*1802
=21.38

	Very busy route
	4.07*()*602
=3.8
	4.07*()*902
=8.57
	4.07*()*1202
=15.2
	4.07*()*1502
=23.8
	4.07*()*1802
=34.3


Observation 6: number of airplanes per hexagon area with different radius is listed in table 4.
Following table show capacity demand for each hexagon area with 80% passenger assumption of whom 50% users use ATG.
Table 5. capacity demand for each hexagon with different radius/Mbps
	
	Radius of one hexagon area/km

	
	60
	90
	120
	150
	180

	
	Equal to DL target throughput (39.25Mbps) in table 2 * corresponding number of airplanes in table 4

	Non-busy routes
	20.2
	45.4
	80.8
	126.2
	181.7

	Busy routes
	93.2
	209.8
	373.0
	582.8
	839.2

	Very busy routes
	149.4
	336.2
	597.7
	933.8
	1344.7


To support the traffic model in table 2, we have to use 256 QAM or 64 QAM. Target RB numbers to meet above capacity is calculated as below: 
Target RB number equals to :  
Where  is the number of sub carrier per BR
 number of symbols per slot
  is the number of REs for DM-RS per PRB per slot which is assumed as 24
 the overhead configured by higher layer parameter xOverhead, we assume 0
8 when we use 256 QAM and 6 when we use 64QAM
the number of slots per 1s, we assume 30kHz SCS, this value equals to 2000
D_ratio is the ratio of DL slots in one TDD configuration period. It equals to 1 for FDD and 0.75 for TDD with the assumption in fig 1.
Table 6: target number of RB per hexagon area with different radius when assuming 256 QAM for DL TDD
	RB number
	Radium of one hexagon area/km

	
	60
	90
	120
	150
	180

	Non-busy route
	11.7
	26.3
	46.7
	73.0
	105.2

	Busy route
	54.0
	121.4
	215.8
	337.3
	485.7

	Very busy route
	86.5
	194.5
	345.9
	540.4
	778.2


Observation 7: for hexagon area, 180km cell radius with 40M CBW is enough for non-busy route; 120km cell radius with 80M CBW is enough for busy-route; 90km cell radius with 80M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 256 QAM assumption is listed in table 6 for DL TDD.
If we assume 64QAM, the RB number needed for ATG is listed as below:
Table 7: target number of RB per hexagon area with different radius when assuming 64 QAM for DL TDD
	RB number
	Radium of one hexagon area/km

	
	60
	90
	120
	150
	180

	Non-busy route
	15.6
	35.1
	62.3
	97.4
	140.2

	Busy route
	71.9
	161.9
	287.8
	449.7
	647.5

	Very busy route
	115.3
	259.4
	461.2
	720.5
	1037.6


Observation 8: for hexagon area, 180km cell radius with 30M CBW is enough for non-busy route; 900km cell radius with 60M CBW is enough for busy-route; 90km cell radius with 100M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 64 QAM assumption is listed in table 7 for DL TDD.
Airplane would fly on the fixed routes, so there is no need to consider legacy 3-cell per site layout. We could assume ATG gNB is deployed on the fixed routes with one site deployed in the center of hexagon area with 90km cell radium.  
Proposal 3: ATG gNB is assumed to be deployed on the fixed routes with one site deployed in the center of hexagon area with 90km cell radium.

2.4 ATG co-existence simulation scenario
After the discussion in last meeting, scenarios 5-8 needs further study which focus on non-synchronization operation. as discussed in 2.1 sub-clause, longer distance between ATG UE and ATG gNB require more GP symbols. To enhance utilization, usually ATG network will use longer TDD configuration period compared with TN which will lead to non-synchronization operation. 
Proposal 4: scenario 5-8 are necessary considering the non-synchronization operation between ATG network and terrestrial network.
Table 9 co-existence simulation scenario for information
	5
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural UL
	100MHz
/TDD

	6
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural DL
	100MHz
TDD

	7
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG UL
	100MHz
TDD

	8
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG DL
	100MHz
TDD


For scenario 5 and 7, if we assume ATG network and TN network are deployed in the same area, interference between ATG gNB and TN gNB seems like the most severe interference scenario and will determine final ACIR value. We need such simulation result to know whether final ACLR apply for non-synchronization situation. If final ACLR show that such scenario requires too stringent ACIR requirements and will increase implementation complexity and cost, we could derive final ACIR without considering such non-synchronization operation. during practical network deployment, other isolation solution could be utilized to avoid interference, e.g. reserve some isolation distance for non-synchronization operation.
Proposal 5: scenario 5 and 7 is necessary since non-synchronization operation is the typical operation case. 
Proposal 6: if final ACIR due to scenarios 5 and 7 are too stringent that will largely increase implementation complexity and cost, we could consider ignore simulation results of such two scenarios and leave it for implementation to reduce interference, e.g. reserve some isolation distance. 
For scenario 6 and 8, the interference between TN UE and ATG UE. ATG airline route is very longer and it is hard to reserve some isolation distance to avoid adjacent-channel co-existence between ATG network and TN. Since non-synchronization operation is the typical deployment scheme and we can’t use isolation distance to reduce interference, it’s better to set such two scenarios with high priority and consider such simulation results into final ACIR.
Proposal 7: scenario 6 and 8 is necessary since non-synchronization operation is the typical deployment scheme and we can’t avoid such interference by isolation distance. 
2.5 ATG co-existence network layout
Two options for ATG network layout are listed as below as in the WF [1]:
· Option 1: ATG network can be deployed on the airline routes.
· Option 2: ATG network can be deployed in larger area
The typical ISD range for ATG network is from 100kM to 200kM. distance between one ATG gNB and next closest ATG gNB is much larger. For co-existence between ATG and TN network, once we approve to only consider 19-site TN network, only one ATG gNB is enough for the simulation because the impact from another ATG gNB is almost negligible regardless ATG could be deployed on the airline routes or in larger area. 
[bookmark: _Hlk115380419]Observation 9: it seems only one ATG gNB is enough for simulation considering ATG ISD is much larger for 19-site TN network regardless ATG network is deployed on the airline routes or in larger area.
Proposal 8: we could only consider one ATG gNB in the simulation
For the issue how to drop TN network. our understanding is that we need to consider the worst deployment scenario that ATG gNB is deployed in the 19-site area with .
Proposal 9: it’s suggested to drop TN network so that minimum distance between TN gNB and ATG gNB is equal to   as shown below.

.
2.6 ATG co-existence system parameter
Regarding the carrier frequency, we prefer to update it as 2GHz and 4GHz. We list example band as 2.1GHz, 3.5GHz and 4.9GHz, current carrier frequency 2GHz and 3.5GHz can’t represent all the example bands. Besides, ATG network is not limited to example band only. We should consider the typical frequency range that will represent almost all the frequency range. 2GHz and 4GHz are the typical frequency range used before. So we suggest to update the carrier frequency as 2GHz, 4GHz.
Proposal 10: carrier frequency range is suggested as 2GHz and 4GHz.

3. Conclusions
In this contribution, ATG simulation assumptions are discussed with following proposals and observations:
Observation 1: longer GP is required to avoid DL-UL cross band interference, e.g. 3 symbols or even larger for FR1 30kHz SCS.
Observation 2: normally ATG network will not be synchronized with TN network. to avoid gNB-gNB blocking, ATG gNB will not be allocated with TN gNB. 
Proposal 1: it’s better not consider co-location scenario between ATG gNB and TN gNB.
Proposal 2: single UE per ATG BS is assumed for simulation assumption.
Observation 3: based on antenna assumption provided from vendor, it may be challenging to achieve 300km cell radius.
Observation 4: one possible assumption for throughput per airplane is 39.25Mbps for DL and 4.6Mbps for UL.
Observation 5: airplane density assumption is listed in table 3.
Observation 6: number of airplanes per hexagon area with different radius is listed in table 4.
Observation 7: for hexagon area, 180km cell radius with 40M CBW is enough for non-busy route; 120km cell radius with 80M CBW is enough for busy-route; 90km cell radius with 80M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 256 QAM assumption is listed in table 6 for DL TDD.
Observation 8: for hexagon area, 180km cell radius with 30M CBW is enough for non-busy route; 900km cell radius with 60M CBW is enough for busy-route; 90km cell radius with 100M CBW is enough for very-busy routes when 144 seats per airplane with 80% passengers, of whom 50% use ATG services. The details target PRB number for different cell radius with 64 QAM assumption is listed in table 7 for DL TDD.
Proposal 3: ATG gNB is assumed to be deployed on the fixed routes with one site deployed in the center of hexagon area with 90km cell radium.
Proposal 4: scenario 5-8 are necessary considering the non-synchronization operation between ATG network and terrestrial network.
Proposal 5: scenario 5 and 7 is necessary since non-synchronization operation is the typical operation case. 
Proposal 6: if final ACIR due to scenarios 5 and 7 are too stringent that will largely increase implementation complexity and cost, we could consider ignore simulation results of such two scenarios and leave it for implementation to reduce interference, e.g. reserve some isolation distance. 
Proposal 7: scenario 6 and 8 is necessary since non-synchronization operation is the typical deployment scheme and we can’t avoid such interference by isolation distance. 
Observation 9: it seems only one ATG gNB is enough for simulation considering ATG ISD is much larger for 19-site TN network regardless ATG network is deployed on the airline routes or in larger area.
Proposal 8: we could only consider one ATG gNB in the simulation
Proposal 9: it’s suggested to drop TN network so that minimum distance between TN gNB and ATG gNB is equal to   as shown below.


Proposal 10: carrier frequency range is suggested as 2GHz and 4GHz.
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