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Introduction
The NTN WI ([1]) has been approved in RAN#88e meeting to specify requirements for the support of NTN. It has been revised in last RAN#89-e meeting [2].
In last RAN4 meeting, some progress has been done on the simulation assumptions and document [6] has captured the agreed assumptions, basis for future consideration. This contributions is analyzing some remaining key aspects left opened from previous discussion. 
Discussion 
FRF
There is currently some inconsistency regarding FRF: 
· In [6], table 2.1-3, 3 proposals have been made for FRF (1, 2 and 3). 
· In [6], section 2.2, simulation methodology, it’s suggested: 
“NTN FRFs higher than 1 need to be considered”
· And, in the Meeting Report, the Chair has captured following agreement: 
Issue 3-3: To consider FRF in 2 phases as follows: FRF=1 in phase 1 for simplification; FRF=3 in phase 2 or it is found FRF=1 is too stringent.
Our understanding is that Chair’s minutes captured the latest agreement, which would then to start with FRF=1 in a phase 1, and then consider FRF=3 in a phase 2 or if FRF=1 woud be too stringent.
Note that if FRF=1 is considered too stringent and could not be considered for our simulation assumptions, as a consequence, FRF=1 shall then be forbidden for NTN deployment.
Proposal 1: To clarify FRF assumption, and as captured in RAN4#98bis-e Chair’s report, 2 phases will be considered for FRF: FRF=1 in phase 1 for simplification; FRF=3 in phase 2 or it is found FRF=1 is too stringent.



Deployment
TN deployment inside a NTN beam
In [6], the current proposal is the following:
TN center is randomly generated within the NTN central beam on earth surface
This proposal would be fine with if FRF=3, but not when FRF=1. 
For FRF=3, there won’t be any interference between satelitte’s beams. All TNs inside a satellite beam would approximatively suffer of similar interference from NTN.
But for FRF=1, as shown in [5], satellite’s cells may overlap, which would generate additional interferences between satellite’s cells. For this reason, when FRF=1, we propose to also consider a TN center located at satellite’s cell border when NTN DL is the aggressor.
Proposal 2: When NTN is aggressor in DL, a TN located at satellite’s cell border shall also be observed for FRF=1.

NTN beam to observe
In [6],[3] the current baseline assumption is to consider the satellite’s central beam located at Nadir point, this is considered as the worst case scenario when TN is the victim, the satellite’s path loss being minimum. 
If this could the case with certain assumptions, this might not always be truth: when TN is the victim, the worst case scenario might actually be when the satellite has a low elevation angle. In such situation, the path loss would be slightly higher comparing to the Nadir point, but on the other hand, the TN BS antenna gain could be much higher when pointing to the satellite’s direction. And this would amplify the satellite’s interference impact, even if the path loss is higher. Figure 1 tries to show this.
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[bookmark: _Ref71040538]Figure 1: TN BS antenna gain - Satellite at Nadir point   /  TN BS antenna gain – Satellite at low elevation


To better illustrate this, following figure Figure 2 shows the peak antenna gain (y axis) per vertical angle (x-axis). 0 degree corresponds to the vertical direction (satellite at the Nadir point), while 90 degrees corresponds to the BS horizon, as shown in Figure 3. 
This BS is deployed at 20 m height, cell range 600 m, mechanical tilt 5 and 15 degree, 8x8 array, the 4 series represent different BS antenna types, with or without sub-array. As it can be seen, for a low, but still not that low, satellite’s elevation angle (60 degrees on this figure), the antenna gain in satellite’s direction would be from 5 to 15 dBi. The BS antenna gain would largely compensate for the 2-3 dB additional path loss for this satellite at that elevation angle.
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[bookmark: _Ref71040622]Figure 2: Peak BS antenna gains vs vertical angle
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[bookmark: _Ref71040636]Figure 3: Verticle angle clarification

Based on this observation, at least when TN DL is the victim, we propose to consider also the scenario where the satellite is not at Nadir point, but with [20-30] degrees elevation angle, looking at a TN which is located at one satellite’s beam on the edge of NTN system layout as shown in Figure 4.
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[bookmark: _Ref71040699]Figure 4: NTN cell and TN DL victim to be observed

Proposal 3: When TN is victim in DL, a scenario where the satellite is at low elevation shall also be analysed, considering a NTN cell at satellite coverage edge.

 TN cells to observe
When running RAN4 coexistence simulations, both victim and aggressor networks have a similar layout with a comparable UEs distribution/density. When doing the coexistence study, interference’s impacts are then randomly and uniformly spread in all cells of the victim network.
With NTN, the situation is radically different assuming only 1 or 10 active NTN UE(s) per satellite cell as this cell’s size would from 50 (LEO-600) to 250 km (GEO). All TN cells would still suffer of NTN DL interference, but only some TN cells would suffer of NTN UL interference. So, looking at NTN UL as aggressor, it’s most likely that a TN cell would be largely impacted by NTN interference, while averaging over all TN cells the impact would be minimized.
This concern has been captured in [6]:
[If the density of NTN UEs (for same area) is lower than the density of TN UEs, then, for the impact analysis, only TN cells where a NTN UEs are located should be considered. In another word, TN cells where no NTN UE is present should not be considered. This to avoid ignoring potential high impact on few cells by averaging over the all TNs’ cells]
For those given reasons, we would propose the following:
Proposal 4: When TN is victim in UL, NTN impact shall only be analysed on TN cells hosting a NTN UE.



Summary
Following Table 1 recaps for each scenario combination, which NTN cell, which TN and which TN cells should be observed in the coexistence analysis. 

Note that, to reduce the simulation effort, for cases where 2 satellite positions is proposed:
· Simulations could be done firstly for one scenario only (e.g. rural) to determine the worst case satellite’s position.
· Based on this worst case satellite’s position, simulations for the other scenario could be done with this position only.

	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/TN to consider?
	Which TN cells to consider?
	Additional remark

	1
	TN with NTN
	TN DL
	NTN DL
	All TNs in NTN cell
	All
	How many active TNs?

	2
	TN with NTN
	TN UL
	NTN UL
	All TNs in NTN cell?
	All
	How many active TNs?

	3
	TN with NTN
	NTN DL
	TN DL
	1- NTN cell at Nadir point:
a- TN randomly placed in the NTN cell.
b- TN at NTN cell edge if FRF=1.
2- NTN cell with satellite at low elevation:
a- TN randomly placed in the NTN cell
b- TN at NTN cell edge if FRF=1.
	All
	

	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell at Nadir point:
TN randomly placed in this cell
	Only the TN cells hosting NTN UE(s)
	

	5
	TN with NTN
	NTN UL
	TN DL
	1- NTN cell at Nadir point:
a- TN randomly placed in the NTN cell
b- TN at NTN cell edge if FRF=1.
2- NTN cell with satellite at low elevation:
a- TN randomly placed in the NTN cell
b- TN at NTN cell edge if FRF=1.
	All
	

	6
	TN with NTN
	TN DL
	NTN UL
	All TNs in NTN cell
	All
	How many active TNs?

	7
	TN with NTN
	TN UL
	NTN DL
	TBD
	
	

	8
	TN with NTN
	NTN DL 
	TN UL
	NTN cell at Nadir point:
TN randomly placed in this cell
	Only the TN cells hosting NTN UE(s)
	

	9
	NTN with NTN
	NTN DL
	NTN DL
	TBD
	NA
	

	
	
	NTN UL
	NTN UL
	TBD
	NA
	



[bookmark: _Ref71099182]Table 1: NTN cell, TN and TN cells to be observed per scenario combination


NTN propagation model
From the latest NTN simulation assumptions summary ([6]), the current proposal is to reuse the propagation model described in TS 38.811 as propagation model between NTN and UEs and between NTN and TN BSs.
While implementing and evaluating this model, we first noticed some weird values in the shadow fading and clutter loss tables (section 6.6.2), e.g.:
· The shadow fading variance for urban scenario (table 6.6.2-2) is constant whatever the satellite elevation is, while it’s not for suburban scenario (which looks more logical).
· The shadow fading variance for LOS (suburban and rural scenarios, table 6.6.2-3) is decreasing from 10° to 40°, then surprisingly increasing for 50° and 60°, before decreasing again until 90°. Note also that for NLOS, variance is continuously increasing from 10° to 90°.
Also, the SINR cdf (see Figure 6) for a simple TN area (Figure 5) and checked the TR 38.811 model with free space and ITU-R P.619. Those 2 last models don’t consider any shadow fading, clutter loss, … any comparison should take this aspect into account then. But, surprisingly, with TR 38.811 model, the free space loss could still be largely reduced (up to 10dB), which is difficult to explain. 
[image: ]
[bookmark: _Ref71479943]Figure 5: Earth area used to evaluate TR 38.811 propagation model
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[bookmark: _Ref71297910]Figure 6: UL and DL SINR cdf using different propagation model
Note: For the simulations made with TR 38.811 propagation model, the satellite is at 90o elevation using corresponding assumptions in TR 38.811.
As those simulations will be used to specify NTN RF requirements, a better understanding of this TR 38.811 propagation model is required to confirm its accuracy in this scope. We would like so to encourage companies who contributed to this TR 38.811 section 6.6.2 to share the background information for this model, and more specifically the given values (shadow fading and clutter loss) in the various tables in that section.
In the meantime, to not delay the calibration phase, this TR 38.811 propagation model could still be used as much as possible, further calibration might then be needed later if this model would need some update. 
Proposal 5: Clarify TR 38.811 propagation model. 

NTN BS NF
The NTN BS Noise Figure could be calculated from the gain-to-noise-temperature ration (G/T) and the Rx antenna gain, using following formula:
 	, with T_0 = 290 
And

For the S-band, with Set 1 parameters, the BS NF are given in Table 2.

	Satellite
	GEO
	LEO 600
	LEO 1200

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

	G_Rx (dBi)
	51
	30
	30

	NF (dB)
	7.4
	4.3
	4.3


[bookmark: _Ref71041448]Table 2: NTN BS Noise Figure

Proposal 6: Adopt NTN BS noise figure values as proposed in Table 2.

Indoor / outdoor UEs
When further analyzing the proposed assumptions, we observed the following:
· In  [6], for all TN scenario, all TN UEs are proposed to be outdoor (Table 2.3.6).
For urban macro and suburban, this might be excessive. The usual assumption is to consider 20% of the UEs indoor, as also assumed in TR 38.921. This should be more realistic.
· In [7], it’s proposed to have 70% of the UEs indoor for urban macro TN, and 50% for rural TN.
Here also, the proportion of indoor UEs seems not correct. We propose to align those assumptions with NTN.
Proposal 7: Assume 80% of TN UEs are outdoor and 20% indoor for TN macro urban and suburban.
Proposal 8: Align the assumption of indoor/outdoor TN UEs between NTN and HAPS simulation assumptions.

BS AAS antenna model
The BS antenna model proposed in [6] and [7] is not the latest one that was agreed in RAN4. This model is not correct anymore and we should used instead its update as specified in TR 38.921 (Table 3) or, even better, the extended model (Table 4) which is currently under discussion ([8]), it’s a more accurate model.

	Description
	Equation
	Unit

	Peak normalized element radiation pattern
	
	dB

	Peak gain normalized element radiation pattern
	

	dBi

	


Composite array radiation pattern
	
, where


	



dBi


[bookmark: _Ref71100140]Table 3: BS AAS Antenna model

	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



[bookmark: _Ref71100305]Table 4: Extended BS AAS antenna model

Proposal 9: Adopt the extended BS AAS antenna model (Table 4) for TN in the scope of NTN simulations.
Clx-ile
The CLx-ile value agreed in [6] and [7] is for urban macro scenario, but it should be adapted for other scenarios. As shown in [9], with this value, for rural scenario, ~70% of the UEs would transmit at max power, which is not realistic.
Observation: The CLx-ile value should be adapted for rural, dense urban and indoor scenarios.
HAPS antenna parameters
In last RAN4#98-bis-e meeting, we commented that the proposed element gain for HAPS antenna parameters was looking too high for a realistic AAS antenna. The proposed parameters were not looking normalized, such antenna would not be realistic. 
Aligning with the recent updates on AAS antenna model made in RAN4, we are so proposing the following antenna parameters for HAPS in Table 5 (changes from [7] are yellow highlighted), considering:
· Element peak gain should be mapped to loss and beamwidths
· Element separations needs to be aligned to beamwidths. A narrow beamwidth means large physical area required for the element. 

	Number of cells
	7

	Antenna array configuration (row x column)
	2 x 2 for 1st layer cell
4 x 2 for 2nd layer cell

	Antenna polarization
	Linear  

	Element gain
	5.5 dBi

	Loss
	2.0 dB

	Element HPBW horizontal/vertical
	 for both H/V

	Element front-to-back ratio horizontal/vertical
	30 dB for both H/V

	Element spacing horizontal/vertical
	0.5 wavelength for both H/V

	Antenna panel tilt (from the horizon)
	 for 1st layer cell
 for 2nd layer cell

	Tx power per antenna panel 
	43 dBm

	Noise figure
	5 dB

	Indoor UE percentage
	0%

	Coverage area (7 cells combined)
	A 100 Km radius circular area centered by the serving HAPS

	UE distribution
	Uniformly distributed in the coverage area


[bookmark: _Ref71099969]Table 5: HAPS antenna parameters

Proposal 10: Adopt the antenna parameters proposed in Table 5 for HAPS simulations.



Conclusion
In this contribution, we discussed the network deployment models and the not yet defined simulation assumptions. We made the following proposals: 
Proposal 1: To clarify FRF assumption, and as captured in RAN4#98bis-e Chair’s report, 2 phases will be considered for FRF: FRF=1 in phase 1 for simplification; FRF=3 in phase 2 or it is found FRF=1 is too stringent.
Proposal 2: When NTN is aggressor in DL, a TN located at satellite’s cell border shall also be observed for FRF=1.
Proposal 3: When TN is victim in DL, a scenario where the satellite is at low elevation shall also be analysed, considering a NTN cell at satellite coverage edge.
Proposal 4: When TN is victim in UL, NTN impact shall only be analysed on TN cells hosting a NTN UE.
Summary of proposals 1-4: 
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/TN to consider?
	Which TN cells to consider?
	Additional remark

	1
	TN with NTN
	TN DL
	NTN DL
	All TNs in NTN cell
	All
	How many active TNs?

	2
	TN with NTN
	TN UL
	NTN UL
	All TNs in NTN cell?
	All
	How many active TNs?

	3
	TN with NTN
	NTN DL
	TN DL
	3- NTN cell at Nadir point:
c- TN randomly placed in the NTN cell.
d- TN at NTN cell edge if FRF=1.
4- NTN cell with satellite at low elevation:
c- TN randomly placed in the NTN cell
d- TN at NTN cell edge if FRF=1.
	All
	

	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell at Nadir point:
TN randomly placed in this cell
	Only the TN cells hosting NTN UE(s)
	

	5
	TN with NTN
	NTN UL
	TN DL
	3- NTN cell at Nadir point:
c- TN randomly placed in the NTN cell
d- TN at NTN cell edge if FRF=1.
4- NTN cell with satellite at low elevation:
c- TN randomly placed in the NTN cell
d- TN at NTN cell edge if FRF=1.
	All
	

	6
	TN with NTN
	TN DL
	NTN UL
	All TNs in NTN cell
	All
	How many active TNs?

	7
	TN with NTN
	TN UL
	NTN DL
	TBD
	
	

	8
	TN with NTN
	NTN DL 
	TN UL
	NTN cell at Nadir point:
TN randomly placed in this cell
	Only the TN cells hosting NTN UE(s)
	

	9
	NTN with NTN
	NTN DL
	NTN DL
	TBD
	NA
	

	
	
	NTN UL
	NTN UL
	TBD
	NA
	



Proposal 5: Clarify TR 38.811 propagation model. 
Proposal 6: Adopt NTN BS noise figure values as proposed in Table 2.
	Satellite
	GEO
	LEO 600
	LEO 1200

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

	G_Rx (dBi)
	51
	30
	30

	NF (dB)
	7.4
	4.3
	4.3


Table 2: NTN BS Noise Figure
Proposal 7: Assume 80% of TN UEs are outdoor and 20% indoor for TN macro urban and suburban.
Proposal 8: Align the assumption of indoor/outdoor TN UEs between NTN and HAPS simulation assumptions.
Proposal 9: Adopt the extended BS AAS antenna model (Table 4) for TN in the scope of NTN simulations.
	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



Table 4: Extended BS AAS antenna model
Observation: The CLx-ile value should be adapted for rural, dense urban and indoor scenarios.
Proposal 10: Adopt the antenna parameters proposed in Table 5 for HAPS simulations.
	Number of cells
	7

	Antenna array configuration (row x column)
	2 x 2 for 1st layer cell
4 x 2 for 2nd layer cell

	Antenna polarization
	Linear  

	Element gain
	5.5 dBi

	Loss
	2.0 dB

	Element HPBW horizontal/vertical
	 for both H/V

	Element front-to-back ratio horizontal/vertical
	30 dB for both H/V

	Element spacing horizontal/vertical
	0.5 wavelength for both H/V

	Antenna panel tilt (from the horizon)
	 for 1st layer cell
 for 2nd layer cell

	Tx power per antenna panel 
	43 dBm

	Noise figure
	5 dB

	Indoor UE percentage
	0%

	Coverage area (7 cells combined)
	A 100 Km radius circular area centered by the serving HAPS

	UE distribution
	Uniformly distributed in the coverage area


Table 5: HAPS antenna parameters
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