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1	Introduction
During RAN4#104-e, some preliminary discussions and conclusions were made for ATG co-existence simulations. This document considers open issues further. A companion document [1] considers deployment aspects that could impact both co-existence and RRM.
[bookmark: _Ref178064866]2	Discussion

Co-location
During RAN4#104-e, it was agreed that non co-located ATG and TN BS would be captured in co-existence simulations, but co-located BS was left open.
In general, all BS within a band must be synchronized for TDD systems. We would expect that the ATG BS are synchronized with the TN; if there is no synchronization then there exists the risk of BS-BS interference also for non-co-located ATG BS.
Where BS of different operators are co-located, 3GPP requirements enable co-existence. It is quite feasible for ATG and TN BS to be co-located; in fact this is actually done in practice for some deployments in the USA. Since ATG will be deployed in rural areas, it may be attractive to use the same tower installations for both TN BS and ATG BS installations.
From a co-existence perspective, in order to ensure robust specifications, in our view it makes sense to consider co-located scenarios. Only synchronized TDD should be considered for co-located scenarios. In our view, it is more relevant to consider co-located scenarios than unsynchronized non-co-located scenarios.
[bookmark: _Toc115344882]Consider co-located ATG BS and TN BS

Altitude
During RAN4#104-e, it was agreed that a range of aircraft height would be considered. An upper limit to the range was agreed as 10km (which is around normal cruising altitude for aircraft). For the lower limit to the range, both 3km and 7km were proposed, but there was no agreement on which.
Most airlines offering in-flight WiFi currently activate the WiFi when the aircraft is at a height of 10,000 ft or higher. For example:

KLM airlines (Europe)

Inflight WiFi conditions - KLM United States

China Southern Airlines (China)

Inflight Wi-Fi Operation Guidelines of China Southern Airlines-China Southern Airlines Co. Ltd csair.com

United Airlines (USA)
Wi-Fi frequently asked questions | United Airlines

These are examples, but almost all airlines state 10,000 ft as the altitude above which WiFi is activated according to various regulations. 10,000 ft corresponds to around 3,000m. Thus, 3,000m seems a well justified assumption for the lower limit of operation.

[bookmark: _Toc115344883]The lower limit for the altitude range is 3,000m

There then exists the question whether to run the simulations twice, once with all aircraft at 10,000m and once with all aircraft at 3,000m or once with aircraft randomly distributed between 10,000m or 3000m. In principle, the worst case should be considered, i.e., all aircraft at 3000m. This may be argued to be unrealistic in most circumstances though and running simulations twice in all scenarios would double the simulation effort. Thus, in our view it would be reasonable to uniformly distribute aircraft across the altitude range.

[bookmark: _Toc115344884]Distribute aircraft across the altitude range


System parameters for ATG and TN
The following table contains agreements for the ATG BS from RAN4#104-e together with Ericsson proposals for this meeting, together with a brief explanation for each proposal. New proposals are marked with yellow highlighting:

	Parameter
	Value
	Explanation

	ATG BS altitude 
	[30m]
	Tentative proposal; feedback welcome

	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
	In [1], it is highlighted that firstly a discussion on the basic paradigm assumed for antenna orientation is needed.

	Environment1
	To be removed?
	

	UE distribution
	Horizontal: Random
Vertical: Distributed between 3km and 10km
	Horizontal: See [1] for explanation. 
Vertical: As discussed in this contribution

	Indoor UE percentage
	0%
	

	Number of DL active UEs per cell (NOTE 2)
	1
	As per previous agreement

	Number of UL active UEs per cell
(NOTE 2)
	1
	As per previous agreement

	DL scheduled bandwidth per UE
	Full bandwidth
	Only 1 UE so the full bandwidth should be scheduled

	UL scheduled bandwidth per UE
	Full bandwidth
	Only 1 UE so the full bandwidth should be scheduled

	Traffic model
	Full buffer
	

	ATG BS maximum output power
	[43dBm] for 2GHz
[50dBm] for 4.5GHz
	To be discussed further

	ATG BS noise figure
	5dB
	

	Handover margin
	Not needed
	Not needed for co-existence simulations

	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

	





Antenna and beamforming modelling
In earlier stages of the AAS specification development, a single element array antenna model was developed in TR 37.840 for AAS BS. The model was used for early NR co-existence simulations as well as other simulation campaigns in RAN1 and RAN4. However, recently this model was questioned in ITU-R WP 5D since the model doesn’t reflect real base station implementations that have been seen. In order to ensure that the model used in 3GPP is properly aligned to real BS behaviors, an updated sub-array model has been agreed in RAN4 for FR1. The technical background for the sub-array model extension is captured in [2]. An LS [3] to ITU was prepared in RAN4 to establish a common view on how base stations operating within FR1 and deployed in networks are implemented. The array antenna model extension is described in TR 38.803, subclause 5.2.3.2.4. 
In the newly agreed model, in addition to the single element model defined originally in TR 37.840 an intermediate stage is added to model the sub-array pattern. The sub-arrays pattern is then used instead of the element patten. The extended antenna model is described by the equations given in Table 1.
Table 1: Extended model supporting vertical sub-arrays

	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	

	Composite array radiation pattern
	
, where




Observe that if Msub is set equal to 1 and dv,sub equal to dv and qsubtilt equal to 0 degrees, the extended array antenna model collapses into the original antenna model.
In TR 38.803, parameters are agreed for frequencies from 1710 to 4990 MHz in FR1 are agreed. The agreed parameters are repeated for convenience in table 2 below. The macro-rural parameters can be used for ATG BS, apart from the downtilt which will be adjusted for the ATG scenario.

Table 2: Antenna array parameters from 38.803
	Parameter
	Macro Rural
	Macro suburban
	Macro urban

	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V
	90º for H
65º for V
	90º for H
65º for V

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

	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º

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

	Horizontal/Vertical radiating sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V

	Number of element rows in sub-array
	3
	3
	3

	Vertical element separation in sub-array ()
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V

	Pre-set sub-array down-tilt (degrees)
	3
	3
	3

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

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 3) 
	28
	28
	28

	Base station horizontal coverage range (degrees)
	+/-60
	+/-60
	+/-60

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

	Mechanical down-tilt (degrees) 
	3
	6
	6

	Note 1: The vertical coverage range is given for the elevation angle θ, defined between 0° and 180°.
Note 2: The element gain includes the loss and is per polarization.
Note 3: The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e., power per H/V polarized element).
Note 4: 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 
Note 5: For the case of 3 elements per sub array, dv will be 2.1 wavelengths.



[bookmark: _Toc115344885][bookmark: _Toc115344886]Adopt the FR1 sub-array based model, as captured in TR 38.803 section 5.2.3.2.4 and communicated to ITU-R for the BS antenna array.

ACLR and ACS modelling
ACLR and ACS should be handled using the same approach as other co-existence simulations. ACIR is calculated as ACIR = 1 / (1/ACLR+1/ACS). Interference from a victim is calculated as RX power ACIR.

TPC
Power control should be modelled using the usual method, i.e.:
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 [9] is applied with following parameters.
-	CLx-ile = –SNR_target + UE_maxpower – ThermalNoise – BS_NoiseFigure + 10*log10(BW) 
-	γ = 1
Where, SNR_target is 15 dB.

RX power model
RX power should be calculated as:

RX power = TX power + TX array gain in direction of interest – pathloss + RX array gain in direction of interest.

Performance metric
The performance metric should be throughput impact to the victim network:

· Mean throughput loss with aggressor present compared to no aggressor
· 5th percentile loss with aggressor present compared to no aggressor


Link level performance
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
	
Where:	
S(SNIR)   	Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
		Attenuation factor, representing implementation losses
SNIRMIN  	Minimum SNIR of the code set
SNIRMAX  	Maximum SNIR of the code set
The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 5.2.7-1 represent a baseline case, which assumes:
-	1:1 antenna configurations
-	AWGN channel model
-	Link Adaptation (see table 5.2.7-1 for details of the highest and lowest rate codes)
-	No HARQ

Simulation list
The following list of simulations was agreed in the last meeting:

	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
	
	Phase 2

	6
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural DL
	100MHz
TDD
	3.5GHz
	
	Phase 3

	7
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	3.5GHz
	
	Phase 2

	8
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	3.5GHz
	
	Phase 3

	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
	Phase 3

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



Some updates are proposed above. The FFS simulations from the last meeting have been marked with phase 2/3. The intention with the phases is as follows:

· Phase 1: Simulations of normal operation that should be carried out as part of the WI
· Phase 2: gNB-gNB interference in unsynchronized cases
· n1/n39 gNB-gNB interference
·  Simulations of BS-BS interference with unsynchronized BS (non-co-located) at 3.5GHz. 
· Before commencing the unsynchronized cases, it should be clarified whether there is any situation in which ATG BS would not be synchronized with surrounding TN BS. If there is no such situation identified, then this part of phase 2 is not needed.
· Phase 3:
· Simulations of UE-UE interference
· It should be clarified whether unsynchronized networks can occur
· Also some preliminary estimation can be made as to whether UE-UE interference could be an issue considering the distance between ground UEs and aircraft; if it is not likely to be an issue then there is no need for simulations in phase 3.

The phases may be seen as an order of prioritization. Phase 1 should be commenced first. It may be that, following further discussion, parts of phase 2 and all of phase 3 is not needed.

TN BS model
The TN BS model should be the same as the ATG BS model, however with the antenna downtilted to serve terrestrial traffic in the usual way.

TN UE model correction
The TN UE model was agreed at RAN4#104-e as follows:

	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



Although the agreed parameters are fine in principle, we note that for bands around 3.5GHz, 4RX is mandatory for the UE. Hence, the agreement on 1T2R should be clarified as applicable for 2GHz and 1T4R for 3.5GHz.
[bookmark: _Toc115344887]For the TN UE model, assume 1T4R for 3.5GHz
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	4/4	
Conclusion
In the previous sections we made the following observations: 
No table of figures entries found.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Consider co-located ATG BS and TN BS
Proposal 2	The lower limit for the altitude range is 3,000m
Proposal 3	Distribute aircraft across the altitude range
Proposal 4	Adopt the FR1 sub-array based model, as captured in TR 38.803 section 5.2.3.2.4 and communicated to ITU-R for the BS antenna array.
Proposal 5	For the TN UE model, assume 1T4R for 3.5GHz
 

