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Introduction
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During RAN4 #97-e, the following agreements have been made:
· “3GPP RAN4 should provide/conduct relative independent adjacent channel coexistence studies to develop RF requirements for NTN.”
· “NTN RF requirements shall be specified assuming no impact on TN RF requirements.”
· “RAN4 need to consider how to take into account the heterogeneous cell patterns of NTN and TN networks assuming that they serve the same areas.”
· “Networks layout (cell coverage for NTN and TN) and NTN UEs distribution would need to be further aligned.”

With the help of specific system level NTN simulators, the coexistence scenarios will be evaluated, simulations will be performed with specific NTN parameters, and finally NTN RF core requirements will be derived and provided.

This contribution refers to MSS FR1 band possible interference situations to be considered by RAN4 coexistence studies in adjacent bands.
NTN FR1 Coexistence Situations in Adjacent Bands

The objective of this section is to show the interference types to be considered by RAN4 work for the selected exemplary MSS FR1 band (S-band or L-band).
For this kind of scenarios it is known that NTN will consider FDD deployments while TN may also consider FDD deployments in adjacent bands.
There are 2 main sets of coexistence scenarios to be considered:
1) NTN-TN coexistence in adjacent bands, with different interference types to be taken into account;
2) NTN-NTN coexistence in adjacent bands.
The current proposal considers mainly the first type of coexistence NTN-TN (as explained in the figure below). The second type of coexistence requires further discussion and has to be considered in further contributions. Both kind of coexistence scenarios need to take into account realistic interference-reduction techniques for both DL and UL, and realistic deployments with different number of users and cell densities.
Proposal 1: NTN-TN and NTN-NTN coexistence scenarios should consider realistic deployments with different number of users and cell densities.
As seen in Figure 1, it has been represented a satellite (Non Terrestrial Network) cell served by a transparent satellite. For the sake of simplifying the figure, the feederlink and the NTN gateway and the gNB at ground level have not been represented. The satellite (NTN) cell may cover multiple terrestrial (TN) cells, and each terrestrial cell may serve one or more TN UEs. The satellite may communicate with different NTN UEs at the same time as the TN gNB communicate (in adjacent bands) with different TN UEs.
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Figure 1. Interference Types for FR1 NTN-TN Coexistence in Adjacent Bands
Figure 1 represents the communication between NTN UE and Satellite (see blue colour lines), the communication between TN UE and TN gNB (see green colour lines), the interference in DL - Downlink (see red dotted lines) and the interference in UL – Uplink (see orange dotted lines). Moreover, as represented on the Figure 1, TN UEs can have both TN and NTN capabilities, and the number of UEs per cell is not representative (evaluations may consider different numbers with different densities, and different cell sizes).
Taking into account all these assumptions, it can be further noticed that there are 4 types of interference to be further considered between NTN and TN networks, namely:
1) Interference Type 1 (i1) in adjacent bands from UL TN to UL NTN. This kind of interference may affect UL NTN (at satellite level).
2) Interference Type 2 (i2) in adjacent bands from UL NTN to UL TN. This kind of interference may affect UL TN (at TN gNB level).
3) Interference Type 3 (i3) in adjacent bands from DL TN to DL NTN. This kind of interference may affect DL NTN (at NTN UE level).
4) Interference Type 4 (i4) in adjacent bands from DL NTN to DL TN. This kind of interference may affect DL TN (at TN UE level).
Proposal 2: RAN4 should consider and evaluate the following interference types in adjacent channels for NTN-TN coexistence:
1) Interference Type 1 (i1) in adjacent bands from UL TN to UL NTN;
2) Interference Type 2 (i2) in adjacent bands from UL NTN to UL TN;
3) Interference Type 3 (i3) in adjacent bands from DL TN to DL NTN;
4) Interference Type 4 (i4) in adjacent bands from DL NTN to DL TN. 

Proposal 3: NTN-TN coexistence impact in adjacent bands has to be considered at different levels:
1) At satellite level for Interference Type 1;
2) At gNB level for Interference Type 2;
3) At NTN UE level for Interference Type 3;
4) At TN UE level for Interference Type 4.

Proposal 4: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further focus on reducing:
1) Interference Type 1;
2) Interference Type 3;
as the NTN system may be severely impacted.

Proposal 5: NTN-TN coexistence scenarios should consider realistic interference-reduction techniques for both DL and UL.

All interference types have to be evaluated by RAN4 for NTN-TN coexistence in adjacent bands. Based on the evaluation results, requirements in terms of e.g. NTN ACLR and NTN ACS have to be provided for NTN.

However, initial simulations may already provide some important information, as it can be easily shown that satellite networks do not experience the same near-far problem as in classical terrestrial networks. First of all, it can be seen that the power received from a satellite is low (and the SNR is also low with respect to terrestrial networks), which means that also the power received in adjacent bands will be lower. For this reason, the required NTN ACLR may be lower at least at satellite level, and therefore some RF parameters at satellite level could be further relaxed.

Proposal 6: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further consider relaxing some of satellite RF parameters such as satellite ACLR and ACS.

A similar situation as the one explained in Figure 1 (where it is represented UL-UL and DL-DL interference for NTN-TN coexistence scenarios) may be considered in Figure 2, with different types of interferences (UL-DL and DL-UL) for NTN-TN coexistence scenarios. These types of interferences may exist e.g. in MSS S-band in America region at 1990 MHz, for instance between upper band 2 (PCS1900) DL TN and MSS UL above 1990 MHz.
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Figure 2. Special Types of Interference for FR1 NTN-TN Coexistence in Adjacent Bands

Taking into account all these assumptions in Figure 2, it can be further noticed that in some situations there might be 4 additional types of interference to be further considered between NTN and TN networks, namely:
1) Interference Type 5 (i5) in adjacent bands from DL TN to UL NTN. This kind of interference may affect UL NTN (at satellite level).
2) Interference Type 6 (i6) in adjacent bands from DL NTN to UL TN. This kind of interference may affect UL TN (at TN gNB level).
3) Interference Type 7 (i7) in adjacent bands from UL TN to DL NTN. This kind of interference may affect DL NTN (at NTN UE level).
4) Interference Type 8 (i8) in adjacent bands from UL NTN to DL TN. This kind of interference may affect DL TN (at TN UE level).
In the case of Figure 2, the main issue is the (extra) special type of UL-DL interference (i5, i6, i7, i8) in adjacent frequency band that may be generated. Among all these extra potential interferences, only i6 type (and maybe i5 & i8) seem to be easier to handle (as the power level received at TN gNB from satellite is very low and TN gNB may be able to tilt antennas towards ground/TN UE).
Moreover, as also precious explained, TN UEs can have both TN and NTN capabilities, and the number of UEs per cell is not representative (evaluations may consider different numbers with different densities, and different cell sizes).
Proposal 7: RAN4 should evaluate potential impact of special type of UL-DL interference in adjacent bands such as:
1) Interference Type 5 (i5) in adjacent bands from DL TN to UL NTN;
2) Interference Type 6 (i6) in adjacent bands from DL NTN to UL TN;
3) Interference Type 7 (i7) in adjacent bands from UL TN to DL NTN; 
4) Interference Type 8 (i8) in adjacent bands from UL NTN to DL TN.

Potentially, depending on the region and on the exact use case, NTN-TN UL-DL coexistence impact in adjacent bands has to be considered at different levels:
1) At satellite level for Interference Type 5;
2) At gNB level for Interference Type 6;
3) At NTN UE level for Interference Type 7;
4) At TN UE level for Interference Type 8.
Proposal 8: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further focus on reducing:
1) Interference Type 5;
2) Interference Type 7.

Figures 3 and 4 represent NTN simulation results in UL and DL with one satellite cell, while Figures 5 and 6 represent NTN simulation results in UL and DL with multiple satellite cells. Simulations have been performed with parameters from Table 1 LEO-600 (last column, as described in “Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration” from TR 38.821 with LEO-600 S-band Set 1), for MSS S-band with DL carrier frequency at 2.19 GHz and UL carrier frequency at 2 GHz.

Table 1. Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



Simulation results for LEO@600km show SNR up to maximum 18dBs (in DL), and also non-circular cell shape (which is given by parameters as satellite elevation, satellite antenna, transmission frequency and other parameters).
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Figure 3. NTN SNR ISO curves in DL for One Cell
Simulations also show that there are noticeable differences in terms of SNR between DL (see Figure 3) and between UL (see Figure 4), as in UL the UE NTN has limited transmission power (e.g. at maximum 23dBm), as shown in Figure 4 on SNR ISO curves in UL.
[image: ]
Figure 4. NTN SNR ISO curves in UL for One Cell
Another important observation is that in the case of multiple cells, cells may overlap (see for example Figures 5 and 6), which would justify even more the use of Fractional Frequency Reuse (FFR) techniques in order to increase the SINR and reduce the interference from adjacent cells.
[image: ]
Figure 5. NTN SNR ISO curves in DL for Multiple Cells

Proposal 9: NTN deployments should consider FFR techniques with frequency reuse factor>1.

Simulations also show that there are noticeable differences in terms of SNR between DL (see Figure 5) and between UL (see Figure 6), as in UL the UE NTN has limited transmission power (e.g. at maximum 23dBm), as shown in Figure 6 on SNR ISO curves in UL. The results are obtained without considering any kind of inter-cell interference or other kind of interference.

[image: ]
Figure 6. NTN SNR ISO curves in UL for Multiple Cells

Please note that all the results from Figures 3, 4, 5, 6 are preliminary results. However, it is obvious that interference reduction techniques are required for both UL and DL.

Proposal 10: NTN-NTN coexistence scenarios should consider interference reduction techniques for both UL and DL.


Conclusions
Proposal 1: NTN-TN and NTN-NTN coexistence scenarios should consider realistic deployments with different number of users and cell densities.

Proposal 2: RAN4 should consider and evaluate the following interference types in adjacent channels for NTN-TN coexistence:
1) Interference Type 1 (i1) in adjacent bands from UL TN to UL NTN;
2) Interference Type 2 (i2) in adjacent bands from UL NTN to UL TN;
3) Interference Type 3 (i3) in adjacent bands from DL TN to DL NTN;
4) Interference Type 4 (i4) in adjacent bands from DL NTN to DL TN. 
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Proposal 3: NTN-TN coexistence impact in adjacent bands has to be considered at different levels:
1) At satellite level for Interference Type 1;
2) At gNB level for Interference Type 2;
3) At NTN UE level for Interference Type 3;
4) At TN UE level for Interference Type 4.

Proposal 4: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further focus on reducing:
1) Interference Type 1;
2) Interference Type 3;
as the NTN system may be severely impacted.

Proposal 5: NTN-TN coexistence scenarios should consider realistic interference-reduction techniques for both DL and UL.

Proposal 6: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further consider relaxing some of satellite RF parameters such as satellite ACLR and ACS.

Proposal 7: RAN4 should evaluate potential impact of special type of UL-DL interference in adjacent bands such as:
1) Interference Type 5 (i5) in adjacent bands from DL TN to UL NTN;
2) Interference Type 6 (i6) in adjacent bands from DL NTN to UL TN;
3) Interference Type 7 (i7) in adjacent bands from UL TN to DL NTN; 
4) Interference Type 8 (i8) in adjacent bands from UL NTN to DL TN.

Proposal 8: Based on simulation and evaluation results for described NTN-TN coexistence scenarios in adjacent bands, work may further focus on reducing:
1) Interference Type 5;
2) Interference Type 7.

Proposal 9: NTN deployments should consider FFR techniques with frequency reuse factor>1.

Proposal 10: NTN-NTN coexistence scenarios should consider interference reduction techniques for both UL and DL.
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