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Introduction
In last 3GPP RAN4 99-e meeting, the simulation assumptions, layout and methodologies are well discussed. In the end, based on the discussion progress, the moderator has provided a compilation document R4-2108645 which included the agreed scenarios, parameters, layouts and methodologies for co-ex study. Besides the improvement of simulation assumptions document, there’re still some open questions needs to be further studied, discussed and determined to settle down the whole co-ex simulation assumptions.
Taking into account the agreements of the last meeting and the work scope and plan of the NTN co-ex work item, in this document, Samsung Electronics would like to provide some observations and proposals to further improve the discussion in this topic. And we’d like to firstly try to converge the assumptions discussions for co-ex study especially for those which are closely related to simulation calibration, and then try to finalize the assumption document in this or following RAN4 meetings to get it ready for co-ex study results comparison work to further accomplish this work item.
Discussions
2.1 Discussion in TN parameters for co-ex study
In the section 2.1 of R4-2108645, the co-ex scenarios are proposed in the table below:

Table 2.1-1 Scenarios for NTN-NTN/TN co-existence
	FR1: 2GHz
	Set 1
	Set 22
	HAPS

	
	GEO
	LEO 600km
	LEO 1200km
	GEO
	LEO 600km
	LEO 1200km
	

	NR / NB-IoT
	Rural
	X
	X
	X
	X
	X
	X
	FFS

	
	Urban macro
	X
	X
	X
	X
	X
	X
	FFS

	
	Dense Urban
	X
	X
	X
	X
	X
	X
	FFS

	
	
	
	
	
	
	
	
	

	NTN1
	GEO3
	Set 1
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	LEO 1200km
	
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	LEO 600km
	
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	GEO
	Set 22
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	
	LEO 1200km
	
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	
	LEO 600km
	
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	Note 1: Start with Earth Fixed beam first, Earth Moving Beams could be further discussed
Note 2: Use Set 1 satellite antenna as the starting point for co-existence study. Set 2 might be used if any worst case in associate with Set 2 is found. 
Note 3: GEO and LEO only operate at adjacent channel.
Note 4: Use GEO and LEO@600km when TN is victim. 
Note 5: Further check the possibility to remove LEO 1200km cases in future RAN4 meetings. 



With regards to the highlighted ‘Dense Urban’ case that included in the table above, we find the current document is lack of both cellular deployment and BS antenna characteristics parameters. 
Considering that,
1) TR 38.901 does not provide ‘Dense Urban’ propagation model, 
2) TR 38.921 does not provide AAS antenna parameters for ‘Dense Urban’ scenario,
3) 3GPP LS to ITU-R RP-200559 does not contain deployment and technical characteristics for ‘Dense Urban’.
4)  The Dense Urban scenario consists of 2 layers, a macro layer and a micro layer. For FR1, generally the Dense Urban is not the typical deployment scenario of NR/NB-IoT. 
We propose the meeting to de-prioritize the ‘Dense Urban’ scenario in this co-ex study for FR1. If the necessity is confirmed, this ‘Dense Urban’ scenario could be developed, while member companies are encouraged to propose a full set of parameters and assumptions, and get it discussed and approved by the meeting. .

Proposal 1: It is proposed to de-prioritize the ‘Dense Urban’ scenario in this co-ex study for FR1. 

In the table 2.3-5 of R4-2108645, the meeting agreed on the MCL of 70 dB for NB-IoT and NR. However, in the simulation calibration, we noticed that most companies are using ‘Minimum BS to UE distance = 35m’ instead of Minimum Coupling Loss (MCL). And also, in traditional 3GPP co-ex study, the ‘MCL’ is also actually referring to free-space loss of 35 meters other than the coupling loss which including the antenna gain in both transmitter and receiver sides. Hence, we propose the meeting to change the ‘BS-MS min couple loss in dB’ to ‘BS-UE min distance in meter’, and adopt 35 meters for NR and NB-IoT.

	Table 2.3-5 Simulation assumptions of TN respectively based on NB-IoT and NR
	
	NB-IoT
standalone
	NR
	NR

	
	
	Option 1 
(R4-2106476 CATT)
	Option 2
(R4-2105045 Samsung)
	Agreed values

	Carrier frequency in GHz
	 2
	 2
	2
	2

	BS-MS min couple loss in dB
	70
	70
	Proposed ‘Minimum BS-UE distance in meter’ instead of MCL.
Deployment scenario related, check Table 2.3-6.
	70 for outdoor scenario in Table 2.1-1.


	BS-UE min distance in meter
	35
	
	
	35






Proposal 2: It is proposed to change the ‘BS-MS min couple loss in dB’ to ‘BS-UE min distance in meter’, and adopt 35 meters for NR and NB-IoT, for clarification purpose.

In section 2.3.2 of R4-2108645, Table 2.3-6 contains the deployment parameters as below.
	Table 2.3-6 Deployment-related parameters of TN (2 GHz) (Used with ‘Option-2’ above, R4-2105045 Samsung)
	
	Urban Macro
	Suburban Macro
	Rural Macro
	Remarks

	Cell radius in meters
	500
	1000
	5000
	ITU-R Report M.2292

	BS Antenna height in meters
	25
	30
	30
	

	UE Parameters

	UE Outdoor/indoor
	100% Outdoor
	

	UE height in meter
	1.5
	1.5
	1.5
	3GPP LS to ITU-R WP5D RP-200559
and
ITU-R WP5D
[IMT_Parameters]

	Minimum BS-UE distance in meter
	35
	35
	35
	






Refer to the co-ex scenarios agreed in R4-2108645, as shown in Table 2.1-1, suburban macro is not be considered for NR/NB-IoT. In addition, the ‘suburban macro’ does not connected to any propagation model described in TR 38.901, or any AAS parameters in TR 38.921. We propose the meeting to remove the ‘suburban macro’ parameters column in this table.

Proposal 3: It is proposed to remove all the ‘Suburban Macro’ related parameters, because it is not one of the agreed scenarios for this coexistence study. In addition, ‘Suburban Macro’ does not have any related propagation model or AAS parameters described in TR 38.901 and TR 38.921.

In section 2.4.2 of R4-2108645, it described that the AAS antenna of TN would refer to TR 38.921 pattern, but not given a specific AAS parameters for deployment.
We further checked and compared the AAS parameters described in TR 38.921 and 3GPP LS to ITU-R RP-200559, and we find that the TR 38.921 does not provide AAS parameters for Rural. The 3GPP LS to ITU-R RP-200559 provided both Rural and Urban AAS parameters. Thus, we would like to propose the meeting to adopt the AAS parameters from RP-200559 Annex 2 Table 3 as below. We modified the table to only contain Rural and Macro Urban scenario.

	TABLE 3
Beamforming antenna characteristics for IMT in 1710 – 4990 MHz
	
	
	Rural
	Macro urban

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements
	8 × 8 elements

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V
	0.5 of wavelength for H, 0.7 of wavelength for V

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25
	25

	1.10
	Base station maximum coverage angle in the horizontal plane (degrees)
	120
	120

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-120

	1.12
	Mechanical downtilt (degrees)
	3
	10






Proposal 4: It is proposed to agree on the AAS parameters based on RP-200559 above, and amend it to the AAS parameter section, because the AAS parameters is missing and TR 38.921 does not provide AAS parameters for ‘Rural’.

The section 2.4.2 of R4-2108645 does not provide specific conducted power value for non-AAS BS. We propose the meeting to adopt 46 dBm as the BS conducted power referring to TR 36.942.

Proposal 5: It is proposed to adopt 46 dBm as conducted power for non-AAS BS referring to TR 36.942.

2.2 Discussions in NTN parameters
In calibration process, we found there’re different methods, applied by different companies, to calculate the SINR for NR-NTN system. By offline discussion, we also noticed that section 6.1.3 ‘Link Budget Analysis’ of TR 38.821 provided a series of calculation equation for Carrier-to-noise-and-interference ratio (CNIR), carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as shown in below figure.
	Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows
		(6.1.3.1-1)
The formula for CNR calculation is
		(6.1.3.1-2)
where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature,  is Boltzmann constant and equals to -228.6 dBW/K/Hz,  is free space path loss,  is atmospheric path loss due to gases and rain fades,  is shadowing margin,  is scintillation loss,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  is channel bandwidth.
Antenna-gain-to-noise-temperature  can be derived by [2]
		(6.1.3.1-3)
where  is receive antenna gain,  is noise figure,  is ambient temperature and  is antenna temperature. Receive antenna gain  can be obtained by
		(6.1.3.1-4)
where  is receive antenna element gain,  is the number of receive antenna elements,  is polarization loss,  is the antenna aperture efficiency (a dimensionless parameter with typical values for parabolic antennas from 0.55 to 0.70), D is the equivalent antenna diameter, and  is the wavelength.
EIRP can be calculated by
		(6.1.3.1-5)
where  is antenna transmit power,  is cable loss, and  is transmit antenna gain and can be derived by
		(6.1.3.1-6)
where  is transmit antenna element gain and is the number of transmit antenna elements.



And also, there’re many companies developed methods based on the equation of SINR = Signal / (Interference + Noise).

We compared the two methods above, and we believe the equations from TR 38.821 cannot accurately calculate the wanted signal level, because the C (Carrier) value is calculated by ( EIRP [dBW] + G/T [dB/K] ):
· It is clear that EIRP [dBW] contains the transmit power and transmitting antenna gain, and G/T contains the receiving antenna gain. 
· But G/T was given in R4-2108645 as fixed numbers, which means it cannot reflect the varying cases of receiver gains. 
· Even if we applied the above equation 6.1.3.1-3, the G/T will be derived from G_R, but G_R is still a fixed number from equation 6.1.3.1-4.

Thus, we propose the meeting to clarify the NR-NTN SINR should not be calculated following the TR 38.821 section 6.1.3 equations for co-ex study purpose. The NR-NTN SINR calculation shall follow the NR-TN methods, to correctly reflect the changing values of antenna gain, tx power level, interference received, etc.

Proposal 6:  It is proposed to clarify the NR-NTN SINR should not be calculated following the TR 38.821 section 6.1.3 equations for co-ex study purpose, but follow the NR-TN methods to reflect the actual wanted or interference power level that a station received. 

The NR-NTN system is lack of ACIR model, especially when the R4-2108645 considered 3 active UEs for NTN Uplink scenario but no ACIR models is available for the first and rest adjacent channels. Then, in order to derive the NTN UL co-ex interference results, we would like to propose the meeting to consider to adopt a similar ACIR models from TR 36.942 for the same frequency bands, as shown in figure below.



Proposal 7: It is proposed to consider to adopt a similar ACIR models for NR-NTN from TR 36.942 for the same frequency bands, as shown in figure above.

2.3 NR-NTN to NR-TN co-ex study methodology
The co-ex study methodology was still open in the R4-2108645, and it is now a very critical issue to accomplish the co-ex study for this work item. The methodology, especially the deployment and geometrical relationship of NTN and TN systems, would greatly influence the co-ex study results.

Thus, we would like to share our deployment methodology for NR-NTN to NR-TN co-ex study. We believe it could be listed as one of the options to be adopted by the meeting.

	For NTN DL to TN DL, and NTN UL to TN UL scenario: 
1. Generate NTN beams on the ground with earth curvature, as the figure below.
[image: ]
2. Randomly select one point of reference inside the NTN central beam, as the red point shown in figure below.
[image: ]
3. Generate the 19-cell with warp-around TN networks with the centre at this reference point. The TN BS, UEs are deployed with the agreed deployment parameters and characteristics.
4. Generate NTN UE (for uplink scenario) randomly inside the TN 19-cell area. In the figure below, red triangle represents the 3 active NTN UL UE randomly dropped inside the red-circle (TN 19-cell) area.
[image: ]




Proposal 8: It is proposed to consider the above network deployment methodology as one of the options for co-ex study for NTN DL to TN DL and NTN UL to TN UL.

We also provided the corresponding co-ex study results following the above methodology for network deployment in R4-2112015 for discussion.
Conclusion
In this contribution, we considered the latest agreements of scenarios, assumptions and methodologies, and also the latest results from calibration process, then we provided the following proposals to further develop the simulation assumption documents for co-ex study purpose.

Proposal 1: It is proposed to de-prioritize the ‘Dense Urban’ scenario in this co-ex study for FR1.

Proposal 2: It is proposed to change the ‘BS-MS min couple loss in dB’ to ‘BS-UE min distance in meter’, and adopt 35 meters for NR and NB-IoT, for clarification purpose.

Proposal 3: It is proposed to remove all the ‘Suburban Macro’ related parameters, because it is not one of the agreed scenarios for this coexistence study. In addition, ‘Suburban Macro’ does not have any related propagation model or AAS parameters described in TR 38.901 and TR 38.921.

Proposal 4: It is proposed to agree on the AAS parameters based on RP-200559 above, and amend it to the AAS parameter section, because there’s lack of AAS parameters and TR 38.921 does not provide AAS parameters for ‘Rural’.

Proposal 5: It is proposed to adopt 46 dBm as conducted power for non-AAS BS referring to TR 36.942.

Proposal 6: It is proposed to clarify the NR-NTN SINR should not be calculated following the TR 38.821 section 6.1.3 equations for co-ex study purpose, but follow the NR-TN methods to reflect the actual wanted or interference power level that a station received. 

Proposal 7: It is proposed to consider to adopt a similar ACIR models for NR-NTN from TR 36.942 for the same frequency bands, as shown in figure above.

Proposal 8: It is proposed to consider the below network deployment methodology as one of the options for co-ex study for NTN DL to TN DL and NTN UL to TN UL.
	For NTN DL to TN DL, and NTN UL to TN UL scenario: 
1. Generate NTN beams on the ground with earth curvature, as the figure below.
[image: ]
2. Randomly select one point of reference inside the NTN central beam, as the red point shown in figure below.
[image: ]
3. Generate the 19-cell with warp-around TN networks with the centre at this reference point. The TN BS, UEs are deployed with the agreed deployment parameters and characteristics.
4. Generate NTN UE (for uplink scenario) randomly inside the TN 19-cell area. In the figure below, red triangle represents the 3 active NTN UL UE randomly dropped inside the red-circle (TN 19-cell) area.
[image: ]
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