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In RAN1 #98 meeting [1], a set of agreements were reached on simulation assumptions for calibration purpose and performance evaluation purpose. In this contribution, we provided the calibration results for CNR and CNIR distribution of NTN scenarios.

Discussion  
Link budget of NTN    
According to updated link budget model in [1], we calculate the link budget result for all scenarios, including Ka band, S band, as well different UE type and two different satellite parameter sets. 
· Link budget result for noise only
In the table, it shows the latest link budget parameters. 
Table 1 Parameter configuration for link budget analysis
	Parameters
	Notes

	Carrier frequency
	2GHz for DL and UL (S band), 20 GHz for DL and 30GHz for UL (Ka band)

	System bandwidth
	30MHz (S band), 400MHz (Ka band)

	Channel bandwidth
	DL :
system bandwidth/ frequency reuse factor

UL:
· UL in S band (handheld UE):
· 360 kHz 
· Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be challenge.

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	30 (LEO), 10 (GEO)

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	0 dB for VSAT as terminal and 3 dB for others

	Scintillation loss
	Section 6.6.6 in TR 38.811
· 
Ionospheric loss: = 2.2 dB (note 1)
· Tropospheric loss : Table 6.6.6.2.1-1 of TR38.811

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam
	Based on single satellite system-level calibration methodology, statistics are only collected for the UEs located in the central beam of the 19-beamlayout. 
The central beam boresight direction is computed based on the target elevation angle assumption.
When the generated beam has a partial or full coverage outside the earth, it is discarded.
For UL calibration, 
· For Handheld device, the channel bandwidth is 360 kHz.
· For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.
· The devices in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.
 

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

	Terminal type
	· Ka band: VSAT, (M, N, P) = (4, 8, 2)
· S band: (M, N, P) = (1,1,2)

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	· 3dB per linear polarization receive antenna
· 0dB for circular polarization antenna receiver

	Outcome
	CNIR

	Note 1 : Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of TR38.811 after frequency scaling.

dB



In order to get pure link budget performance, the interference is assumed as zero. Frequency reuse factor 3 is used. The CNR result is shown in the table 2.

Table 2: Link budget result for NTN scenarios 
	VSAT UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	Ka band
(Set-1)
	9.54
	3.13
	5.69
	14.28
	5.08
	19.67

	Ka band
(Set-2)
	1.54
	-4.87
	-2.31
	6.28
	-2.92
	11.67

	
	
	
	
	
	
	

	Handheld UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	S band
(Set-1)
	0.05
	-10.99
	7.20
	-2.64
	6.59
	2.75

	S band
(Set-2)
	-5.45
	-15.89
	1.20
	-8.64
	0.59
	-3.25



Observation1: The CNR of UL and DL is mismatched, where the underlying reason is that UL EIRP is constant regardless the distance change.
Proposal 1: Propose to modify UE transmission parameters to align CNR of DL and UL.

· Link budget result for noise plus interference 
Based on latest satellite beam layout configuration in the table 3, we evaluate the link budget performance in multi-cell scenarios.
Table 3 Beam layout parameters for single satellite simulation
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band : 2 GHz
Ka-band : 20 GHz for DL
	S-band : 2 GHz
Ka-band : 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	S-band : ABS = 0.0061
Ka-band : ABS = 0.0027
S-band : 
· Set 1 : ABS = 0.0061
· Set 2 :ABS = 0.0111
Ka-band : 
· Set 1 : ABS = 0.0027
· Set 2 : ABS = 0.0067
	S-band : ABS = 0.0668
Ka-band : ABS = 0.0267
S-band : 
· Set 1 : ABS = 0.0668
· Set 2 : ABS = 0.1334
Ka-band : 
· Set 1 : ABS = 0.0267
· Set 2 : ABS = 0.0667

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline : 45 deg
Case 1 : Not considered
Case 2 : 45 degrees
	Baseline : 90 deg
Case 1 : 90 degree
Case 2 : FFS

	Central beam bore sight direction coordinates in UV plane
	Baseline : (0.107,0)
Case 1 : Not considered
Case 2 : (0.107,0)
	Baseline : (0,0)
Case 1 : (0,0)
Case 2 : FFS

	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane
Note : Not needed for calibration



The CNIR results are shown the following figures, where FR1 is used to model the inter-cell interferences.

Case 1: VSAT UE, GEO and LEO in Ka band
[image: ][image: ][image: ]
                    Figure 1: CNIR distribution in Ka band

Case 2: Handheld UE, LEO in S band
[image: ][image: ]
Figure 2: CNIR distribution in S band

From the results shown in the figure 1 and figure 2, the interference is quite negative to link budget, which causes the gap between CNR and CNIR reaches to more than 10 dB.

Observation2: When FR factor=1, the CNIR performance is far worse than that of CNR.
Proposal 2: Suggest not using frequency reuse factor 1 in NTN scenario.

Conclusions
In this contribution, we provided the link budget analysis and some link level results, and the proposals and observations are summed as the follows:   
Observation1: The CNR of UL and DL is mismatched, where the underlying reason is that UL EIRP is constant regardless the distance change.
Observation2: When FR factor=1, the CNIR performance is far worse than that of CNR.

Proposal 1: Propose to modify UE transmission parameters to align CNR of DL and UL.
Proposal 2: Suggest not using frequency reuse factor 1 in NTN scenario.
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