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1. Introduction
This TP update some agreements and editorial errors, besides, adding some missing agreements from clause 1 to clause 6. 
2. TP
<Start of TP>
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3GPP
1	Scope
The present document covers the RF, RRM and co-existence aspectsaspect of the work item “Air-to-ground network for NR” [2]
The objectives for the study are the following: 
-	Study and evaluate adjacent channel co-existence for ATG scenarios.
-	Study and specify RF core requirements for ATG network and the ATG UE such that ATG deployment are well supported. 
-	Study and specify RRM requirement supporting ATG network deployment and ATG UE mobility

[bookmark: _Toc133498113][bookmark: _Toc473553995]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-230279, Air-to-ground network for NR, CMCC
[3]		ERC Recommendation 74-01: "Unwanted emissions in the spurious domain".
[4]	3GPP TS 38.101-1: “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”.
[5]	3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”.
[6]	R4-2308745, Discussion on ATG UE RF Tx requirements, Ericsson
[bookmark: specTitle][7]	3GPP TS 38.101-5:  “NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements”. 
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[bookmark: _Toc133498114][bookmark: _Toc481653278][bookmark: _Toc473553999]3	Definitions, symbols and abbreviations
[bookmark: _Toc133498115][bookmark: _Toc481653279]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK7]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
ATG UE: a UE mounted on an aircraft.
TAB connector: transceiver array boundary connector.
TRP (total radiated power): is the total power radiated by the antenna.
NOTE:	The total radiated power is the power radiating in all direction for two orthogonal polarizations. 
RX beam peak direction: direction where the maximum total component of RSRP and thus best total component of EIS is found.
TX beam peak direction: direction where the maximum total component of EIRP is found..
[bookmark: _Toc133498116][bookmark: _Toc481653280]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc133498117][bookmark: _Toc481653281]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AA	Antenna Array
ATG	Air To Ground
EIRP	Effective Isotropic Radiated Power
RDN	Radio Distribution Network
TAB	Transceiver Array Boundary
TN		Terrestrial Network
TRP	Total Radiated Power
[bookmark: _Toc133498118]4	Background
Air-to-ground (ATG) network refers to in-flight connectivity technique, using ground-based cell towers that send signals up to an aircraft’s antenna(s) of onboard ATG terminal. As a plane travels into different sections of airspace, the onboard ATG terminal automatically connects to the cell with strongest received signal power, just as a mobile phone does on the ground. In this network, a direct radio link will be established between BS on the ground and CPE type of UE mounted in the aircraft.

From the trials and commercial operation [https://inflight.telekom.net/ean/] of adapted LTE ATG solutions, some characteristics are considered for ATG network deployment scenarios.
-	Extremely large inter-site distance (ISD) and large coverage range: In order to control the network deployment cost and considering the limited number of flights, large ISD is preferred, e.g., about 100km to 200km. At the same time, when the plane is above the sea, the distance between the plane and the nearest base station could be more than 200km and even up to 300km. Therefore, ATG network should be able to provide up to 300km cell coverage range.
-	Utilizing non-disjoint frequency for deploying both ATG and terrestrial networks, i.e. same operating band but ATG network and TN use adjacent carriers: Operators are interested to adopt the same frequency for deploying both ATG and terrestrial networks to save frequency resource cost, while interference between ATG and terrestrial networks becomes non-negligible and should be addressed. 
-	Much powerful on-board ATG terminal capacity: On-board ATG terminal can be much powerful than normal terrestrial UE, e.g., with higher EIRP via much larger transmission power and/or much larger on-board antenna gain.

[bookmark: _Toc473554000][bookmark: _Toc133498119]5	ATG bands
ATG will operate within existing NR operating bands and does not need new bands based on band request received from operators. Depending on the operator’s request so far, the following NR bands are intended for ATG deployment in Rel-18. Other new band request for ATG deployment is not precluded in future.
Table 5-1: ATG operating bands
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

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

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

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

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD


[bookmark: _Toc133498120]6	Co-existence study
6.1 Co-existence simulation scenario
Table 6.1-1 summarizes the initial simulation scenarios for ATG coexistence study considering non co-location scenario as the baseline. Assume non-co-located for simulation cases 1, 4, 5, 6, 7, 8, 9, 12, 13, 14. For simulation cases 2, 3, 10, 11, if evidence is brought forward that the ACLR/ACS requirements to cover co-location are substantially different to the requirements for the non-co-location, then discuss further how to cover both cases.
Table 6.1-1: Simulation scenarios for ATG coexistence study
	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
	4 GHz
	
	Phase 1

	2
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural UL
	100MHz
TDD
	4 GHz
	
	Phase 1

	3
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	4 GHz
	
	Phase 1

	4
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	4 GHz
	
	Phase 1

	5
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural UL
	100MHz
/TDD
	4 GHz
	
	Phase 2

	6
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural DL
	100MHz
TDD
	4 GHz
	
	Phase 2

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

	8
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	4 GHz
	
	Phase 2

	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 2

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

	NOTE 1: ACLR/ACS requirement for ATG BS and ATG UE are derived based on the synchronized scenario in Phase 1.
NOTE 2: the non-synchronized coexistence scenarios listed in phase 2 are mainly used to identify the isolation distance between ATG BS and the the legacy TN BSs. And it’s agreed to reuse 45dB ACLR and 46dB ACS for both TN and ATG BS for non-synchronized scenarios to derive isolated distance as starting point.
NOTE 3: For scenario 11, if simulator doesn’t support additional ring of TN network, i.e. additional 18 site and 54 cells, it’s allowed to double the aggregate interference power from the 57 TN cells to simplify the platform modification, i.e. interference +3dB.
NOTE 4: For scenario 6, 8 and 13 which is CLI between ATG UE and TN UE,  it’s not expected to have further coexistence simulation evaluation in Phase 2 due to low interference level.





[bookmark: _Toc133498122]6.2 Co-existence simulation assumption
[bookmark: _Toc133498123]6.2.1 Network layout model
6.2.1.1 Synchronized co-existence between ATG and NR terrestrial network
Co-existence modelling is based on positioning a single ATG BS/sector and a TN cluster. Two options exist for the positioning of the TN cluster relative to the ATG BS.
For simulation cases 1, 4, 5, 7, 8, 9, 12, 14 the worst-case network layout for simulation is one in which the TN cluster is placed at the same location as the ATG BS. The ATG BS are offset from the TN BS with  as depicted in figure 6.2.1.1-2.

[image: ]
Figure 6.2.1.1-1 Network layout with TN network located close to ATG BS



Figure 6.2.1.1-2 Offset of ATG BS compared to TN BS grid when the TN cluster is located close to the ATG BS

For the remaining simulation cases, if the ATG UE has an omnidirectional radiation pattern then the worst-case network layout for simulation is one in which the TN is placed directly below the aircraft. If the UE has a directional radiation pattern, then in these cases companies should assess which of the network layout options (TN placed close to ATG BS or TN placed underneath the aircraft) is worst case and apply the worst-case option.

[image: ]
Figure 6.2.1.1-3 Network layout with TN network located directly underneath the aircraft

6.2.1.2 TN Network Layout
A rural hexagonal grid layout is assumed for TN network clusters with the parameters of table 6.2.1.1.
Table 6.2.1.2-1: Simulation scenarios for ATG coexistence studyTN network layout
	Parameters
	Values

	Network layout
	For synchronized case:
For scenario 11: hexagonal grid, 37 macro sites, 3 sectors per site with wrap around
For other scenarios: hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	
	For non-synchronized case: no wrap around in TN

	Inter-site distance
	37.5 km (4GHz)
73.5 km (2GHz)

	BS antenna height
	30 m

	UE location
	Outdoor/indoor
	Outdoor only

	
	Indoor UE ratio
	0%

	
	LOS/NLOS
	LOS and NLOS, see subclause 6.2.5

	
	UE antenna height
	1.5m

	UE distribution (horizontal)
	Uniform

	Minimum BS - UE distance (2D)
	35 m



6.2.1.3 ATG Network Layout
A single ATG BS with a single cell is assumed for the ATG network. The aircraft are assumed to fly in a straight line from the minimum distance to the maximum horizontal distance from the ATG BS in the horizontal boresight of the ATG sector. The minimum and maximum horizontal distance of the ATG UE from the ATG BS are as depicted in table 6.2.1.3-1 and depend on the assumption of sub-arrays or not for the antenna model. 
In the vertical domain, ATG UEs are distributed in height between 3000m and 10000m
Table 6.2.1.3-1: Simulation scenarios for ATG coexistence study
	Parameters
	No sub-arrays
	Sub-arrays

	Minimum ATG BS-UE horizontal distance
	20km
	50km

	Maximum ATG BS-UE horizontal distance
	100km
	100km



[image: ]
[bookmark: _GoBack]Figure 6.2.1.3-1 ATG BS layout (In horizontal boresight direction of ATG antenna)

For Scenarios 2, 3, 10, 11, in addition to simulations in the above assumptions some extra simulations were carried out in which the ATG UE is assumed to be around 300km from the ATG BS. The TN network is also located at 300km, and the ATG UE is assumed to be positioned within a straight line from the ATG BS and within the TN ground network area.
For Scenario 2,3,10,11, it is agreed to conclude simulation results based on that ATG UEs flying over a TN cluster while ATG BS is 100km away as shown below.
-	Optional: ATG BS is 300km away.  
 
[image: ]
Figure 6.2.1.3-2 ATG BS layout (Case 2, 3, 10 and 11)

6.2.2 System parameters
6.2.2.1 ATG parameters
The system parameters for ATG BS for co-existence study are assumed as below.
Table 6.2.2.1-1: system parameters for ATG BS
	ATG BS altitude 
	30m

	Carrier frequency 
	2GHz, 4GHz 

	Frequency reuse factor
	1

	Duplex mode
	FDD@2GHz, TDD@4GHz

	Channel bandwidth
	20MHz@2GHz, 100MHz@4GHz

	Subcarrier spacing (SCS)
	15k@2GHz, 30k@4GHz

	Number of cells
	one cell

	UE distribution
	Single ATG UE per ATG cell
Horizontal: Random between minimum and maximum distance in the straight line within range described in section 6.2.1.3
Vertical: Based on ATG UE uniform distribution among 3 to 10km

	Indoor UE percentage
	0%

	Number of DL active UEs per cell (NOTE 2)
	one UE

	Number of UL active UEs per cell
(NOTE 2)
	one UE

	DL scheduled bandwidth per UE
	Full bandwidth

	UL scheduled bandwidth per UE
	Full bandwidth

	UL target SNR (NOTE 3)
	15dB

	Traffic model
	Full buffer

	ATG BS maximum output power
	46dBm sum of two polarizations for 2GHz
53dBm sum of two polarizations for 4GHz

	ATG BS noise figure
	5dB

	Handover margin
	Not needed

	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:	Target SNR for simulation is based on CL values and only compensates pathloss in the simulation assumptions.




6.2.2.2 ATG UE parameters
The system parameters for ATG UE are assumed as below.
Table 6.2.2.2-1: system parameters for ATG UE
	ATG UE altitude 
	Vertical: Distributed between 3km and 10km

	Carrier frequency 
	2GHz, 4GHz 

	ATG UE max TX power in dBm
	40dBm TRP for 2GHz
43dBm EIRP for 4GHz

	ATG UE min TX power in dBm
	[-33dBm] for 100MHz
[-40dBm] for 20MHz

	ATG UE noise figure
	9dB



6.2.2.3 TN BS and UE parameters
The system parameters for TN BS and TN UE are assumed as below.
Table 6.2.2.3-1: system parameters for TN BS and UE
	Parameters
	Rural
	Rural

	Carrier frequency
	2GHz
	4GHz

	Channel bandwidth
	20MHz
	100MHz

	Scheduled channel bandwidth per UE (DL)
	1
	1

	Scheduled channel bandwidth per UE (UL)
	1
	1

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

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

	Traffic model
	full buffer
	full buffer

	DL power control
	No
	No

	UL power control
	Yes
	Yes

	UL target SNR (NOTE 3)
	15dB
	15dB

	TN BS-UE min distance in meters
	35m
	35m

	TN BS max TX power in dBm (NOTE 2)
	46dBm
	53dBm

	TN UE max TX power in dBm
	23dBm
	23dBm

	TN UE min TX power in dBm
	-40dBm
	-40dBm

	TN BS Noise figure in dB
	5dB
	5dB

	TN UE Noise figure in dB
	9dB
	9dB

	Handover margin
	3dB
	3dB

	NOTE 1: 	Same as the number of BS beam(s).
NOTE 2:	TN BS max TX power is defined as the sum over both polarizations.
NOTE 3:  Target SNR for simulation is based on CL values and only compensates pathloss in the simulation assumptions.




[bookmark: _Toc133498125]6.2.3 Antenna and beamforming pattern modelling
[bookmark: _Toc133498126]6.2.3.1 ATG BS antenna model
For ATG BS antenna modelling, the following two options for antenna modelling could be used for ATG coexistence study.
Option 1: non sub-array model
Table 6.2.3.1-1: AAS antenna parameters for non sub-array model
	
	ATG

	Base Station Antenna Characteristics

	Antenna pattern
	TR 38.921

	Element gain (dBi) (Note 2)
	7.1

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

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

	Antenna polarization 
	Linear ±45º

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

	Number of supported polarizations, P
	2

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

	Array Ohmic loss (dB) (Note  21)
	2

	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 32) 
	25 for 2GHz
32 for 4GHz

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

	Base station vertical coverage range (degrees) (Note 13)
	25

	Mechanical uptilt (degrees)
	14 

	Note 2: The conducted power per element assumes 8x8x2 elements (i.e. power per H/V polarized element).
Note 3: The vertical coverage range includes the mechanical downtilt.



Option 2: sub-array model
Table 6.2.3.1-1: AAS antenna parameters for sub-array model
	Parameter
	Macro urban

	Element gain (dBi) (Note 2)
	6.4

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

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

	Antenna polarization 
	Linear ±45º

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

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

	Number of element rows in sub-array
	3

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

	Array Ohmic loss (dB) (Note 2)
	2

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 32) 
	28 for 2GHz
35 for 4GHz

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

	Base station vertical coverage range (degrees) (Note 13)
	10

	Mechanical up-tilt (degrees) 
	6.5

	Note 2: The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e. power per H/V polarized sub-array).
Note 3: The vertical coverage range includes the mechanical downtilt.



[bookmark: _Toc133498127]6.2.3.2 ATG UE antenna model
For 2GHz, assume omni-directional antenna, assume [40dBm ] UE output power for calibration (as worst case for simulation purposes).
For 4GHz, assume that UE is equipped with directional antenna, assume a UE EIRP of [43dBm] for calibration (as worst case for simulation purposes)
-	Use following as the starting point for calibration.
Table 6.2.3.2-1:  antenna parameters for phase antenna array
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
90º for V 

	Element gain (dBi)
	5 dBi

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

	Antenna polarization 
	Linear ±90º

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

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

	UE antenna orientation
	Single UE panel deployed on the abdomen of the airplane facing downwards and with the longest dimension of the array aligned with the direction of the flight route. The flight route is pointed at the BS.



[bookmark: _Toc133498128]6.2.3.3 TN BS antenna model
For TN BS antenna modelling, the following two options for antenna modelling could be used for ATG coexistence study.
Option 1: non sub-array model
Table 6.2.3.3-1: Antenna parameters for non sub-array model
	
	TN

	Base Station Antenna Characteristics

	Antenna pattern
	TR 38.921

	Element gain (dBi) (Note 2)
	7.1

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

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

	Antenna polarization 
	Linear ±45º

	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements AAS
Optional: [8 x 1 elements non AAS]

	Number of supported polarizations, P
	2

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

	Array Ohmic loss (dB) (Note 21)
	2

	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 31) 
	25 for 2GHz
32 for 4GHz

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

	Base station vertical coverage range (degrees) (Note 13)
	25

	Mechanical down (degrees)
	3

	Note 2: The conducted power per element assumes 8x8x2 elements (i.e. power per H/V polarized element).
Note 3: The vertical coverage range includes the mechanical downtilt.



Option 2: sub-array model
Table 6.2.3.3-1: Antenna parameters for sub-array model
	Parameter
	Macro urban

	Element gain (dBi) (Note 2)
	6.4

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

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

	Antenna polarization 
	Linear ±45º

	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements AAS
[Optional: 4x1 elements non-AAS]

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

	Number of element rows in sub-array
	3

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

	Array Ohmic loss (dB) (Note 21)
	2

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 32) 
	28 for 2GHz
35 for 4GHz

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

	Base station vertical coverage range (degrees) (Note 13)
	10

	Mechanical downtilt (degrees) 
	3

	Note 2: The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e. power per H/V polarized sub-array).
Note 3: The vertical coverage range includes the mechanical downtilt.



[bookmark: _Toc133498129]6.2.3.4 TN UE antenna model
The following assumption for TN UE antenna is shown as below.
Table 6.2.3.4-1: TN handheld UE antenna charateristic
	Characteristics
	Handheld

	Antenna type and configuration
	(1, 1, 2) with1 omni-directional antenna element

	Polariszation
	Linear:no +/-45°X-pol 

	Tx/Rx Antenna gain 
	0 dBi per element

	the number of Tx and Rx
	1T2R



[bookmark: _Toc133498130]6.2.4 ACLR and ACS modelling
For DL it seems reasonable from the perspective of simulating worst case scenarios that we assume BS ACLR is modelled as flat in space, and the UE ACS can be modelled flat in space.
If this assumption is for DL, then the similar assumption could be made for the UL.
Therefore, it is assumed that both ACLR ( or the adjacent channel interference) and ACS are flat in both space and frequency. The ACIR model can be express as:


(Assuming ACLR, ACS and ACIR to be linear).
The ACLR/ACS requirements for TN are defined as below.
Table 6.2.4-1: ACLR/ACS requirements for TN
	NR TN system

	BS
	ACLR
	45 dB

	
	ACS
	46 dB

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

	
	ACS
	33



[bookmark: _Toc133498131]6.2.5 Propagation model
[bookmark: _Toc133498132]6.2.5.1 Propagation model between TN UE and ATG UE
Referring to section 6.6 in TR 38.811, the propagation model between TN UE and ATG UE can be simplified and summarized as below.
LOS probability
Line-Of-Sight (LOS) probability depends on UE environment and elevation angle, and is obtained from Table 6.2.5.1-1. Reference elevation angles are considered from 10° to 90° with a 10° step. For an ATG UE-to-ATG BS, the LOS probability is taken from the nearest reference elevation angle. 
Table 6.2.5.1-1 LOS probability
	Elevation
	Suburban and Rural scenarios

	10°
	78.2%

	20°
	86.9%

	30°
	91.9%

	40°
	92.9%

	50°
	93.5%

	60°
	94.0%

	70°
	94.9%

	80°
	95.2%

	90°
	99.8%


Path loss and Shadow fading
The signal path between ATG UE and ATG BS undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows:
	,	(6.2.5.1-1)

where	is the total path loss in dB,

	 is the basic path loss in dB,
	

This section specifies the basic path loss model () which accounts for the signal's free space propagation, clutter loss, and shadow fading. 
The free space path loss (FSPL) in dB for a separation distance d (between ATG UE and ATG BS) in meter and frequency  in GHz is given by
	[image: ]	(6.6-2)




is clutter loss, and  is shadow fading loss represented by a random number generated by the normal distribution, i.e.,  ~. When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.
Table 6.2.5.1-2: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	2GHz 3.5GHz

	
	LOS
	NLOS

	
	
(dB)
	
(dB)
	
(dB)

	10°
	1.79
	8.93
	19.52

	20°
	1.14
	9.08
	18.17

	30°
	1.14
	8.78
	18.42

	40°
	0.92
	10.25
	18.28

	50°
	1.42
	10.56
	18.63

	60°
	1.56
	10.74
	17.68

	70°
	0.85
	10.17
	16.50

	80°
	0.72
	11.52
	16.30

	90°
	0.72
	11.52
	16.30



[bookmark: _Toc133498133]6.2.5.2 Propagation model between TN BS and TN UE
Referring to section 7.4 in TR 38.901, the propagation model between TN BS and TN UE can be summarized as below, which is same as RMa scenario. It’s noted we assume all TN UE are outdoor, therefore there is no indoor distance and no O2I building penetration loss in simulation. 
Pathloss:
The pathloss models are summarized in Table 6.2.5.2-1 and the distance definitions are indicated in Figure 6.2.5.2-1 and Figure 6.2.5.2-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 6.2.5.2-1.
[bookmark: _Ref363806083][bookmark: _Ref363806159]
	


	Figure 6.2.5.2-1: Definition of d2D and d3D 
for outdoor UTs


Note that 


		(7.4-1)

Table 6.2.5.2-1: Pathloss models
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa
	LOS
	
, see note 5





	








	







h = avg. building height
W = avg. street width
The applicability ranges: 









	
	NLOS
	


for 


	



	

	Note 1:	Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and hE is the effective environment height. For UMi hE = 1.0m. For UMa hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. With C(d2D, hUT) given by

	,
	where

	. 
	Note that hE depends on d2D and hUT and thus needs to be independently determined for every link between BS sites and UTs. A BS site may be a single BS or multiple co-located BSs.
Note 2:	The applicable frequency range of the PL formula in this table is 0.5 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS pathloss is from TR36.873 with simplified format and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Pathloss of UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 6.2.5.2-2.
Table 6.2.5.2-2 LOS probability
	Scenario
	LOS probability (distance is in meters)

	RMa
	


	


O2I building penetration loss
The pathloss incorporating O2I building penetration loss is modelled as in the following:

		(6.2.5.2-2)





where  is the basic outdoor path loss given in Clause 6.2.5.2, where  is replaced by  .  is the building penetration loss through the external wall,  is the inside loss dependent on the depth into the building, and σP is the standard deviation for the penetration loss. 

 is characterized as:

		(6.2.5.2-3)




 is an additional loss is added to the external wall loss to account for non-perpendicular incidence; , is the penetration loss of material i, example values of which can be found in Table 7.4.3-1;  is proportion of i-th materials, where ; and N is the number of materials.
Table 6.2.5.2-3: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz





Table 6.2.5.2-4 gives ,  and σP for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 6.2.5.2-4: O2I building penetration loss model
	 
	Path loss through external wall:

 in [dB]
	Indoor loss:

 in [dB]
	Standard deviation:
σP in [dB]

	Low-loss model
	

	
0.5 
	4.4

	High-loss model
	

	
0.5 
	6.5





 is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa.  shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 
Only the low-loss model is applicable to RMa.
[bookmark: _Toc133498134]6.2.5.3 Propagation model between ATG BS and TN BS
The propagation model between ATG BS and TN BS is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5.1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m above the clutter).
[bookmark: _Toc133498135]6.2.5.4 Propagation model between ATG BS and TN UE
The propagation model between ATG BS and TN UE is same as the propagation model between TN BS and TN UE in clause 6.2.5.2
[bookmark: _Toc133498136]6.2.5.5 Propagation model between TN BS and ATG UE
The propagation model between TN BS and ATG UE is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5.1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m and above the clutter).
[bookmark: _Toc133498137]6.2.5.6 Propagation model between ATG BS and ATG UE
The propagation model between ATG BS and ATG UE is same as the LOS propagation model between TN UE and ATG UE in clause 6.2.5.1 (shadow fading and clutter loss are assumed to be zero, since the ATG BS and TN BS are at 30m and above the clutter).
[bookmark: _Toc133498138]6.2.6 Transmission power control model
[bookmark: _Toc133498139]6.2.6.1 TN UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied for TN with following parameters.


where: 
-	Pmax = 23dBm, 
-	Rmin = -40dBm, 
-	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 = 1 For uplink scenario.
[bookmark: _Toc133498140]6.2.6.2 TN DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc133498141]6.2.6.3 ATG UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied for TN with following parameters.


where: 
-	Pmax is ATG UE maximum output power (TRP) dBm, 
-	Rmin is ATG UE minimum output power (TRP) dBm, 
-	CLx-ile and γ are set as following:
-	CLx-ile = 10*log10(Pmax) – (SNRtarget + (-174+F+10*log(B)) )
	-	SNRtarget is the targeted UL SNR (dB).
	-    F is BS noise figure (dB).
	-    B is UL transmission BW (Hz)
-	γ = 1 for uplink scenario.
The specific parameters are assumed as below in table 6.2.6.3.
Table 6.2.6.3-1 LOS probability
	UE UL power control parameters
	2GHz
	4GHz

	Target SNR
	15dB
	15dB

	Pmax (TRP)
	40dBm
	23dBm for per polarization

	BW
	20MHz
	100MHz

	Rmin
	-27dBm
	-20dBm

	NF for ATG BS
	5dB
	5dB

	CLx_ile
	121dB
	97



[bookmark: _Toc133498142]6.2.6.4 ATG DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc133498143]6.2.7 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: _Toc133498144]6.2.8 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%.
For synchronized scenario, For the TN network,when TN network as victim, the average throughput loss should be calculated in each of the TN cells. Results should be presented for the average throughput loss in the worst case TN cell, and an average of the average throughput losses in all of the TN cells in the cluster may also be presented. The details could be found as following:
· -	5% and 50%average in the whole network (When TN UL as victim, 5% and 50%average are 5% and 50%average of the whole TN UL. When ATG as victim, 5% and 50%average are the 5% and 50%average among all drops.)
· -	5% and 50%average of users within the cell with largest throughput loss for the case of TN DL victim
For non-synchronized scenario, compared with ATG UE-to-TN UE CLI, ATG BS-to-TN BS CLI is the dominate interference. So we only consider ATG BS-to-TN BS CLI simulation and detailed performance metric is as below: 
· When TN gNB as victim, only focus on the TN sector with worst throughput loss, 5% and mean among all drops
· When ATG gNB as victim, 5% and mean among all drops.
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