	
[bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #109                                                                                          R4-2318302
Chicago, US, November 13 – 17, 2023

Source: 	CATT
Title: 	Simulation results for Ka-band NTN SAN dynamic range
Agenda item:	8.26.3
Document for:	Approval
1. Introduction
In RAN4#106 meeting, WF [1] on NTN enhancements SAN RF requirement was agreed. The remaining issue in WF related to dynamic range is shown as bellows:
	OTA Rx requirement
	Applicability notes

	OTA Dynamic range
	FFS pending further evaluation 


This contribution provides our view on Ka-band NTN SAN dynamic range based on simulation results.
2. Discussion
2.1 Simulation assumptions
[bookmark: OLE_LINK154][bookmark: OLE_LINK155]In this contribution, IoT is defined as the ratio of other-cell interference as referred to the SAN noise floor. The interference power is from other-cell NTN VSATs of own system. The noise power is derived from noise figure and channel bandwidth (200 MHz), where noise figure can be calculated from G/T and Satellite RX max Gain shown in Table 2-1.
In RAN4#108 meeting[2], the agreement on NTN FRF is shown as following:
	Issue 1-2: NTN FRF
· GTW Agreement: 
· FRF=2 for co-existence study with 2 polarization
	FRF=2 if with 2 polarization enabled (referring to TR 38.821)
· [image: ]




· Do not consider interference leakage from adjacent beams as starting point for co-ex study.
· For example for the figure above, do not consider the interference leakage from green, blue and purple beams when study SINR for the red beam.



According to the above agreements, since there is not interference between LHCP beam and RHCP beam, it means that XPR between RHCP and LHCP of SAN antenna is ∞, the RHCP or LHCP can’t receive any interference from their cross-polarization (LHCP or RHCP), as shown following table 2-0, the IoT @95% CDF for GEO, LEO-600, and LEO-1200 is -∞ dB, and NFR @95% CDF for GEO, LEO-600, and LEO-1200 is 0dB. The IoT simulation for dynamic range is not needed 
                            Table 2-0: IoT and NFR at 95% CDF
	
	XPR=∞ dB

	Cases
	IoT [dB] @ 95% CDF
	NFR [dB] @ 95% CDF

	GEO
	
	0

	LEO-600
	
	0

	LEO-1200
	
	0



But we think that the lower XPR between RHCP and LHCP of SAN antenna can make IoT larger. So we configure that XPR=20, and 30dB for IoT simulation for dynamic range.
According to co-existence simulation assumptions [3], the satellite parameters of SAN for IoT are shown in Table 2-1, which is same as Set-1 satellite parameters (Ka-band) in Table 6.1.1.1-1 of TR 38.821.
Table 2-1: Satellite parameters for IoT simulation
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Bandwidth
	200MHz
	200MHz
	200MHz

	Elevation angle of SAN(degree)
	90
	90
	90

	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)
	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)
	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



According to co-existence simulation assumptions [3], the UE parameters of VSAT for IoT are shown in Table 2-2, which is same as UE characteristics (Ka-band) of VSAT in Table 6.1.1.1-3 of TR 38.821.

Table 2-2: UE characteristics for system level simulations
	Characteristics
	VSAT 

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter

	Polarisation
	circular

	Rx Antenna gain 
	39.7 dBi 

	Antenna temperature
	150 K

	Noise figure
	1.2 dB

	Tx transmit power
	2 W (33 dBm)

	Tx antenna gain
	43.2 dBi



According to co-existence simulation assumptions [3], the propagation model between satellite and VSAT is from 3GPP TR 38.821.
We also simulated the FRF=1 case, the simulation results for FRF=1 are provided in sub-clause 2.3.

2.2 Simulation results for FRF=2
The simulation results of IoT for GEO, LEO-600, and LEO-1200 are shown in Figure 2-1, 2-2, and 2-3, respectively. 
As shown in Figure 2-1, 2-2, and 2-3, for XPR=20dB, the IoT @95% CDF for GEO, LEO-600, and LEO-1200 is -14.65, 5.33 and -0.6906 dB, respectively, and for XPR=30dB, the IoT @95% CDF for GEO, LEO-600, and LEO-1200 is -24.65, -4.668 and -10.7dB, respectively.

[image: ]        [image: ]
                                                  Figure 2-1. IoT for GEO (left: XPR 20dB, right: XPR 30dB)
[image: ]        [image: ]
Figure 2-2. IoT for LEO-600 (left: XPR 20dB, right: XPR 30dB)


[image: ]       [image: ]
Figure 2-3. IoT for LEO-1200 (left:XPR 20dB, rihgt:XPR 30dB)

    We summarized the IoT @ 95% CDF for GEO, LEO-600, and LEO-1200 in Table 2-3, and NFR @95% CDF can be calculated with following equation 1 and shown in Table 2-3.
[bookmark: OLE_LINK159][bookmark: OLE_LINK160]NFR [dB] = 10*log10 (IoT+1)                                                                                                            (Equation 1)
Where,
IoT = 10 ^ (IoT [dB] / 10) 

Table 2-3 IoT and NFR at 95% CDF for FRF=2
	
	XPR=20dB
	XPR=30dB

	Cases
	IoT [dB] @ 95% CDF
	NFR [dB] @ 95% CDF
	IoT [dB] @ 95% CDF
	NFR [dB] @ 95% CDF

	GEO
	-14.65
	0.15
	-24.65
	0.01

	LEO-600
	5.33
	6.45
	-4.668
	1.28

	LEO-1200
	-0.6906
	2.68
	-10.7
	0.35


Since the 3dB beamwidth of SAN is very smaller, so the XPR of SAN antenna would be larger than 20dB. For FRF=2, as shown in above Table 2-2 for XPR=20dB, the NFR [dB] @ 95% CDF for GEO, LEO-600 and LEO-1200 is 0.15, 6.45 and 2.68dB, respectively.
Observation 1: For FRF=2, for XPR=20dB, the NFR [dB] @ 95% CDF for GEO, LEO-600 and LEO-1200 is 0.15, 6.45 and 2.68dB, respectively.

2.3 Simulation results for FRF=1
The simulation results of IoT for GEO, LEO-600, and LEO-1200 are shown in Figure 2-4, 2-5, and 2-6, respectively. 
As shown in Figure 2-1, 2-2, and 2-3, the IoT @95% CDF for GEO, LEO-600, and LEO-1200 is 3.616, 4.719, and 4.849 dB, respectively.

[image: ]
                                                                   Figure 2-4. IoT for GEO
 [image: ]
Figure 2-5. IoT for LEO-600

 [image: ]
Figure 2-6. IoT for LEO-1200
               
We summarized the IoT @ 95% CDF for GEO, LEO-600, and LEO-1200 in Table 2-3, and NFR @95% CDF can be calculated with following equation 1 and shown in Table 2-3.
NFR [dB] = 10*log10 (IoT+1)                                                                                                            (Equation 1)
Where,
IoT = 10 ^ (IoT [dB] / 10) 

Table 2-4 IoT and NFR at 95% CDF for FRF=1
	Cases
	IoT [dB] @ 95% CDF
	NFR [dB] @ 95% CDF

	GEO
	9.098
	9.6

	LEO-600
	29.29
	29.3

	LEO-1200
	23.3
	23.32


For FRF=1, as shown in above Table 2-3, the NFR [dB] @ 95% CDF for GEO, LEO-600 and LEO-1200 is 9.6, 29.3 and 23.32dB, respectively. 
Since the FRF=2 are used in Ka-band co-existence simulation, the ACLR and ACS for SAN will be defined by FRF=2, so for dynamic range requirement, using FRF=2 to simulate NFR is reasonable. For FRF=2, NFR @ 95% CDF are quite smaller, for 6.45dB NFR, it can verified by demodulation requirement. So we make the following proposal:
Proposal 1: Not to define OTA Rx dynamic range requirements for GEO, LEO-600, LEO-1200 for Ka-band.

3. Conclusion
This contribution provides our simulation results for Ka-band NTN SAN dynamic range. The following observations and proposals are provided as follows:
Observation 1: For FRF=2, for XPR=20dB, the NFR [dB] @ 95% CDF for GEO, LEO-600 and LEO-1200 is 0.15, 6.45 and 2.68dB, respectively.
Observation 2: For FRF=1, the NFR [dB] @ 95% CDF for GEO, LEO-600 and LEO-1200 is 9.6, 29.3 and 23.32dB, respectively.
Proposal 1: Not to define OTA Rx dynamic range requirements for GEO, LEO-600, LEO-1200 for Ka-band.
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