[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK9][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #105                                R4-2219630
Toulouse, France, 14 November– 18 November, 2022

Source: 	Huawei, HiSilicon
Title: 	Discussion on Rel-18 NTN coexistence study assumption
Agenda Item:	8.23.2
Document for:	Approval
Introduction
In RAN4#104bis-e meeting, a WF [1] on NR_NTN_enh_Part2 was approved with some open issues for further discussion. Frameworks and simulation assumptions for NTN co-existence study in bands above 10GHz were captured into the contribution [2]. In this paper, we’d like to discuss these open issues and share our views.
Link budget calculation
In clause 6.1.1.1 of TR 38.821 [3], the following tables representing two sets of satellite parameters are considered as the baseline for system level simulator calibration:
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)
	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

	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.




Table 2: Set-2 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)
	Ka-band
(i.e. 20 GHz for DL)
	2 m
	0.2 m
	0.2 m

	Satellite EIRP density
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	3dB beamwidth
	
	0.4412 deg
	4.4127 deg
	4.4127 deg

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

	Payload characteristics for UL transmissions

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

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 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.




The following table is agreed for UE characteristics for System Level Simulations
Table 3: Ka band VSAT characteristics for system level simulations
	Characteristics
	VSAT (Note 2)
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	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
	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear : +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	TBD dBi per element

	Antenna temperature
	150 K
	TBD K

	Noise figure
	1.2 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	TBD dBi per element



Based on the parameters above, we calculate the link budget by using the following formula.
SNR = EIRP – pathloss + G/T - 10*log10(kB)
For LEO-600, LEO-1200, GSO, we summarized the following link budget calculation.
Table 4: DL link budget for each scenario
	　
	Units
	LEO-600 DL
	LEO-1200 DL
	GSO DL

	Satellite EIRP density
	dBm/MHz
	34.0 
	40.0 
	70.0 

	Channel bandwidth
	MHz
	200.0 
	200.0 
	200.0 

	Satellite EIRP
	dBm
	57.0 
	63.0 
	93.0 

	Tx antenna gain
	dBi
	38.5 
	38.5 
	58.5 

	satellite Maximum TRP
	dBm
	18.5 
	24.5 
	34.5 

	center frequency
	GHz
	20.0 
	20.0 
	20.0 

	Disctance
	meter
	600000.0 
	1200000.0 
	36000000.0 

	Free space path loss
	dB
	174.0 
	180.1 
	209.6 

	Received power level at VSAT OTA
	dBm
	-117.0 
	-117.0 
	-116.6 

	Rx antenna Gain for VSAT
	dBi
	39.7 
	39.7 
	39.7 

	antenna temperature
	K
	150.0 
	150.0 
	150.0 

	Thermal noise temperature
	K
	290.0 
	290.0 
	290.0 

	Noise figure for VSAT receiver
	dB
	1.2 
	1.2 
	1.2 

	G/T for VSAT
	dB/K
	15.9 
	15.9 
	15.9 

	SNR
	dB
	14.4 
	14.4 
	14.9 


Table 5: UL link budget for each scenario
	　
	Units
	LEO-600 UL
	LEO-1200 UL
	GSO UL

	VSAT EIRP density
	dBm/MHz
	53.2 
	53.2 
	53.1 

	Channel bandwidth
	MHz
	200.0 
	201.0 
	202.0 

	VSAT EIRP
	dBm
	76.2 
	76.2 
	76.2 

	Tx antenna gain
	dBi
	43.2 
	43.2 
	43.2 

	VSAT Maximum TRP
	dBm
	33.0 
	33.0 
	33.0 

	center frequency
	GHz
	30.0 
	30.0 
	30.0 

	Disctance
	meter
	600000.0 
	1200000.0 
	36000000.0 

	Free space path loss
	dB
	177.6 
	183.6 
	213.1 

	Received power level at SAN OTA
	dBm
	-101.4 
	-107.4 
	-136.9 

	Rx antenna Gain for satellite
	dBi
	38.5 
	38.5 
	58.5 

	Rx antenna temperature
	K
	40.0 
	40.0 
	40.0 

	Thermal noise temperature
	K
	290.0 
	290.0 
	290.0 

	Noise figure for satellite receiver
	dB
	3.2 
	3.2 
	6.7 

	G/T for satellite
	dB/K
	13.0 
	13.0 
	28.0 

	SNR
	dB
	27.2 
	21.2 
	6.6 



It seems that the performance of VSAT is better than LEO satellite. DL SNR is about 14.4dB for LEO, but UL SNR is 27.2dB and 21.2dB for LEO-600 and LEO-1200. Thus, RAN4 should revisit these parameters before performing co-existence simulation.
Proposal 1: RAN4 should revisit these parameters for LEO-600 and LEO-1200 scenarios, e.g. Tx/Rx antenna gain, Satellite EIRP density and G/T.
In addition, one set of parameters for VSAT is not enough to cover both LEO and GSO scenarios. Thus, it’s necessary to develop a new set of parameters for VSAT in LEO-600 and LEO-1200 scenarios.
Proposal 2: it’s necessary to develop a new set of parameters for VSAT in LEO-600 and LEO-1200 scenarios.
Currently, all the parameters and antenna pattern are provided based on dish antennas for both SAN and VSAT. Not sure whether RAN4 need to simulate the coexistence considering both dish antennas and phased array antennas. However, from coexistence study perspective, RAN4 need to discuss whether we only assume dish antennas for both SAN and VSAT or we can assume phased array antennas. At least, we don’t have enough TU or resources to simulate these two kinds of device.
Proposal 3: There is no enough TU or resources to assume both dish antenna and phased array antenna for SAN and UE. RAN4 need to make a decision which kind of antenna is the first priority for coexistence simulation.
G/T calculation
In last meeting, companies proposed the following noise figure based on G/T assumption.
	Satellite
	GEO
	LEO 600
	LEO 1200

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

	G_Rx (dBi)
	58.5
	38.5
	38.5

	NF (dB)
	5.9
	0.9
	0.9



However, referring to companies’ contribution [4], following formula applies for the computation of G/T or figure of merit, in dB:
G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF))
Where:
-     Antenna Gain : Ga in dBi
-     Ambient Temperature : T0 (usually 290 K)
-     Antenna temperature : Ta 
-     Noise Figure: NF in dB including feeder loss
If we assume Ta = 40K, the NF in including feeder loss is about 3.2dB for LEO and 6.7dB for GSO. However, 2dB is assumed for the cable loss, so 3.2dB~6.7dB NF are still too ideal and are higher than the assumption in FR1 NTN.
Proposal 4: 1.1dB/K is proposed for LEO SAN G/T for simulation study.
Propagation model between NTN UE and TN UE
In last meeting, we have an open issue about the propagation model between NTN UE and TN UE. The proposal is listed as below.
· Option 1: Propagation model between NTN UE and TN UE should reference to the following propagation model,
	- UE-to-UE: Umi (h_BS=1.5 m ~ 22.5 m) 
	  					+ penetration loss see TR 38.803
It’s need to clarify whether UE-to-UE: Umi (h_BS=1.5 m ~ 22.5 m) refer to the following propagation model. If so, it’s proposed to draft the assumption explicitly.
Proposal 5: it’s proposed to explicitly draft propagation model between NTN UE and TN UE as below.
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m
Explanations: see note 4

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise.
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



Summary
Based on the discussion above, the following observations and proposals are listed.
Proposal 1: RAN4 should revisit these parameters for LEO-600 and LEO-1200 scenarios, e.g. Tx/Rx antenna gain, Satellite EIRP density and G/T.
Proposal 2: it’s necessary to develop a new set of parameters for VSAT in LEO-600 and LEO-1200 scenarios.
Proposal 3: There is no enough TU or resources to assume both dish antenna and phased array antenna for SAN and UE. RAN4 need to make a decision which kind of antenna is the first priority for coexistence simulation.
Proposal 4: 1.1dB/K is proposed for LEO SAN G/T for simulation study.
Proposal 5: it’s proposed to explicitly draft propagation model between NTN UE and TN UE as below.
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m
Explanations: see note 4

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise.
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.
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