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1. Introduction
In last meeting, all co-existence related issue, UE RF, BS RF and RRM requirements have been finished, This TP add the conclusion part in section 9. 
Besides, as listed in last meeting’s LS [2], there are two kinds of UE RF and RRM requirements based on two kinds of UE types, one support antenna array and the other support omni-directional antenna. But in TR 38.876 version 0.6.0, the terminology of “omni-directional” and “antenna array” are not aligned. This TP will align all these terminology, e.g. omni-direction is replaced by omni-directional. 
2. Reference
[1] R4-2315904, TR 38.876 ATG 0.6.0, RAN4 #108bis meeting.
[2] R4-2317742, LS to RAN2 about ATG UE, CMCC, RAN4 #108bis meeting.
3. TP to TR 38.876
[bookmark: OLE_LINK6][bookmark: _Toc134691835]<<Start of Change for TR 38.876>>
[bookmark: _Toc133498124]6.2.1.1 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.
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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 omni-directional 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
<<Next Change for TR 38.876>>
[bookmark: _Toc133498150]7.1.1 ATG UE power class and requirement type
Since the required power level for ATG might be varying in different aircraft types and also in different frequency ranges, it’s quite difficult to focus on one specific power class for ATG UE from 3GPP perspective, therefore 3GPP agreed to introduce the new capability for ATG UE to indicate the rated maximum output power at maximum modulation order and full PRB configurations and its capability report granularity as 1dB. The range of its power limit are defined as following:
-	The lower limit of conductive MOP or TRP of ATG UE is 23 dBm
-	The upper limit of conductive MOP or TRP of ATG UE is 40 dBm
In addition, considering the implementation freedom for ATG UE(e.g. for 2 GHz, to use omni-directional antenna for ATG UE and for 4 GHz, to use antenna array for ATG UE), therefore 3GPP RAN4 agreed to introduce two ATG UE  types to distinguish the antenna types for ATG UE.
<<Next Change for TR 38.876>>
[bookmark: _Toc133498154]7.1.2.5 Minimum output power
The calculation and results for minimum output power are listed below.
Table 7.1.2.5-1 the calculation for minimum output power requirements
	Parameters
	Omni-directional antenna
	phased array antenna

	center frequency GHz
	2
	4

	Distance meter
	3000
	3000

	Pathloss dB
	108.063
	114.0836

	ATG BS antenna gain
	21
	21

	ATG UE antenna gain
	0
	11

	Thermal noise power density dBm/MHz
	-114
	-114

	ATG BS Noise figure dB
	5
	5

	Minimum output power dBm/MHz
	-21.937
	-26.9164

	Minimum output power dBm/5MHz
	-14.9473
	-19.92669996



The minimum output power requirements are specified below.
Table 7.1.2.5-2 the calculation for minimum output power requirements
	Channel bandwidth
	(MHz)
	5,10,15,20
	25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	Minimum output power
	(dBm)
	X
	X+10log10 (BWChannel /20)
	X+10log10 (BWChannel /20)

	Measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE 1: The minimum output power value is rounded to the nearest number down to one decimal point.
NOTE 2: X = -15 for the ATG UE with omni-directional antenna. X = -19 for the ATG UE with phased array antenna.


[bookmark: _Toc133498161]<<Next Change for TR 38.876>>
7.1.3.6 In-band blocking requirements
Blocking due to TN interference

Compared to terrestrial UE, ATG UEs are distant from base stations, experiencing LoS path loss from the TN BS that is not directly pointed at them. ATG UE at 2 GHz with omni-directional antennas, may receive power from multiple TN BSs. Even at 4 GHz, an ATG UE pointing downwards may still receive Rx power from the ground TN BS.
To evaluate the TN’s blocking power, simulations are conducted based on Scenario 3 and 11 (TN aggressor DL to ATG DL) and analyze the CDF of the absolute Rx power received by the ATG UE from the TN. The simulation is based on the following deployment scenarios: the ATG BS is located 300 km away from the center of the TN cluster and the ATG UEs x-coordinate is uniformly distributed over the horizontal extent of the TN cluster. The TN BSs utilize non-co-located 8-column non-subarray antennas. A single 5 dBi gain element has been used at the ATG UE at 4 GHz while an isotropic radiator is used at 2 GHz.
At a CDF of 99.999%, the simulation shows that the Rx power for a uniform distribution of ATG UEs’ altitude between 3 km and 10 km is -52 dBm and -56 dBm for 2 GHz and 4 GHz, respectively. For a fixed 10 km case, the Rx power is quite similar. A 6 dB difference can be observed in the fixed 3 km case, which is an unlikely scenario. Strictly following the simulation suggests -52 dBm in-band blocking, but it is essential to note that this relies on a 99.999% CDF. Lowering CDF to 99.99% is expected to yield lower interference at least several dB lower. 
Therefore, it is suggested to reuse the in-band blocking requirements in TS 38.101-1 for ATG UE. 

[image: ]
[bookmark: _Ref131669479]Figure 7.1.3.6-1 Simulation results of ACI blocking for scenario 3.

[image: ]
[bookmark: _Ref131669486]Figure 7.1.3.6-2 Simulation results of ACI blocking for scenario 11.


Blocking due to interference from another ATG network

The co-existence simulations do not consider ATG-ATG co-existence. In the case of in-band blocking, the involvement of neighboring operators operating ATG could be significant. The most severe situation arises when co-located ATG BS direct their beams toward aircraft that are relatively close to each other and the BS. In such a case, the victim ATG UE could still be in the vicinity of the beam of the aggressor BS. Two scenarios are illustrated in 7.1.3.6-3, scenario 1 with two adjacent aircrafts separated vertically by 300 m and scenario 2 with a 9.26 km horizontal separation.
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[bookmark: _Ref130820153]Figure 7.1.3.6-3 Two scenarios when co-located BS pointing towards different aircraft that are relatively close.

Considering the FAA regulations mandating minimum aircraft separations of 300 m (1000 ft) vertically or 9.26 km (5 NM) horizontally in en-route airspace, one can estimate the angular separation. The victim aircraft could fall within the main lobe or the edge of the beam lobe towards the aggressor aircraft. Assuming 20 km distance from the ATG BS to the victim aircraft at a 10 km flight level, the angle separation is less than 1 deg in Scenario 1 and 15.4 deg in Scenario 2.
In Scenario 1, the victim UE falls into the main lobe of the aggressor beam. Determining the EIRP of the victim involves utilizing the ATG BS output power from simulation parameters and accounting for free space path loss. For an ATG UE operating at 2 GHz, the EIRP is calculated to be - 72 dBm, significantly lower than the blocking caused by TN interference. Furthermore, the 300 m vertical separation is an absolute minimum distance and is very unlikely to occur during normal cruising in the same direction. 
Thus, it is not necessary to consider blocking from other ATG networks when assessing the in-band blocking requirement.
[bookmark: _Toc473554002][bookmark: _Toc133498178]<<Next Change for TR 38.876>>
[bookmark: _Toc473554023]9	Conclusion
RAN4 has performed the adjacent channel co-existence simulation between ATG network and TN network under the synchronized operation and non-synchronized operation assumptions. 4GHz and 2GHz are chosen as the example band using antenna array and omni-directional antenna at ATG UE side respectively. 
· The synchronized operation assumption is used to derived adjacent channel co-existence RF requirements, i.e. ACLR and ACS. Two kinds of layout have been conducted to simulate different location relationship between ATG UE and TN network, one for ATG UE on top of TN network and the other for ATG UE away from TN UE in azimuth. 
· The non-synchronized operation assumption is used to analyze isolation distance between ATG BS and TN network based on derived ACLR and ACS from synchronization operation. Moreover, a total of 3 cases have been performed to describe different boresight relationship between ATG BS and nearest TN BS. ATG BS point directly at nearest TN BS in azimuth is the worst case. Final simulation results give guidance for commercial network deployment. 
Besides, ATG specific operation bands are listed in clause 5 based on request from operators. It’s noted this TR only encompass FR1 operation bands with larger than 1GHz frequency. 
RAN4 also studied the UE RF, BS RF, UE RRM requirement in Chapter 7.1, 7.2 and 8 respectively. Two kinds of UE RF and RRM requirements have been considered considering the implementation freedom for ATG UE with omi-directional antenna and/or antenna array. 
<<End Change for TR 38.858>>
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