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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], the following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

And following scenarios are prioritized for evaluation according to the updates in [2]

	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km

1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)

>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz

400 MHz for band > 6 GHz


In this contribution, preliminary link budget for both DL/DL in following cases are provided to demonstrate the potential capacity for each UE in NTN：
· LEO 600km Ka-band
· LEO 600km S-band

· GEO Ka-band

· GEO S-band

· LEO 1200km Ka-band

· LEO 1200km S-band.
2 Discussion on the Link budget Calculation in NTN

Traditionally, for the link budget evaluation, the capacity of certain system is demonstrated by potential throughput with the available MSC (e.g., with target BLER @10% for eMBB to indicate the target throughput) as well as the link margin (indication of the robustness of target transmission). For achieving such results, the parameter, e.g., C/N, is derived by the following formula:
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Where, EIRP refers to effective isotropic radiated power, and BO is Tx power back off. G/T, PLfs , Lan , Lpol , Lcable ,k and BW represents the antenna gain to noise temperature ratio, free space path loss, antenna gain loss, polarization loss, Cable loss, Boltzmann constant and scheduling bandwidth, respectively. Moreover, Lat as the atmosphere loss in clear sky condition, can be estimated as:
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is the carrier frequency in GHz and El is the elevation angle in rad.

Based on the above analysis, the exemplified link budget for both DL and UL are provided in Table 1 and Table 2, respectively. Since the link budget is derived under the assumption of clear sky in AWGN channel with 0 km/h speed, the available data rate is an up bound for each scenario. Considering the potential ionospheric scintillation, tropospheric scintillation and rain loss as well as the requirement of service availability, the higher link margin may be needed. More specifically, based on current assumption，the peak DL data rate for the 3GPP class 3 UE is less than 100 Mbps, which is far away from the requirements of NR. And, due to the very low C/N in uplink for LEO1200 and GEO, the support of lower MCS from the existing MCS table with target BLER @10% is still questionable. Usage of additional MCS with lower target BLER or other techniques for coverage enhancements should be considered.

Table 1 Exemplified link budget for DL

	Parameters
	Unit
	Assumptions 

	DL/UL
	 - 
	DL
	DL
	DL
	DL
	DL
	DL

	Satellite altitude
	km
	600 
	600 
	35786 
	35786 
	1200 
	1200 

	Band
	 - 
	Ka
	S
	Ka
	S
	Ka
	S

	UE type
	 - 
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3

	Frequency
	MHz
	20000 
	2000 
	20000 
	2000 
	20000 
	2000 

	Bandwidth
	MHz
	400 
	30 
	400 
	30 
	400 
	30 

	Elevation angle
	degree
	30 
	30 
	30 
	30 
	30 
	30 

	Distance between satellite and UE @Elevation = 30°
	km
	1075.1 
	1075.1 
	38608.9 
	38608.9 
	1998.9 
	1998.9 

	Satellite EIRP
	dBW
	35.00 
	39.90 
	66.50 
	66.50 
	35.00 
	39.90 

	Satellite Tx back off
	dB
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Channel model
	 - 
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)

	Free-space loss
	dB
	179.09 
	159.09 
	210.19 
	190.19 
	184.48 
	164.48 

	Atmosphere loss(clear sky)
	dB
	0.96 
	0.85 
	0.96 
	0.85 
	0.96 
	0.85 

	Antenna direction loss
	dB
	0.50 
	0.00 
	0.50 
	0.00 
	0.50 
	0.00 

	Polarization loss
	dB
	0.00 
	3.00 
	0.00 
	3.00 
	0.00 
	3.00 

	Cable loss
	dB
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 

	Total loss
	dB
	181.05 
	163.44 
	212.16 
	194.55 
	186.44 
	168.83 

	Average C/I within a satellite beam
	dB
	16.00 
	16.00 
	16.00 
	16.00 
	16.00 
	16.00 

	T0 in UE
	K
	290.00 
	290.00 
	290.00 
	290.00 
	290.00 
	290.00 

	UE noise figure
	dB
	1.20 
	6.00 
	1.20 
	6.00 
	1.20 
	6.00 

	UE Ta
	K
	92.29 
	864.51 
	92.29 
	864.51 
	92.29 
	864.51 

	UE T0+Ta
	K
	382.29 
	1154.51 
	382.29 
	1154.51 
	382.29 
	1154.51 

	UE antenna G/T
	dB/K
	14.00 
	-30.62 
	14.00 
	-10.80 
	14.00 
	-30.62 

	UE antenna gain
	dBi
	39.82 
	0.00 
	39.82 
	19.82 
	39.82 
	0.00 

	UE antenna efficiency
	 - 
	0.60 
	0.60 
	0.60 
	0.60 
	0.60 
	0.60 

	UE antenna diameter
	m
	0.60 
	 - 
	0.60 
	0.60 
	0.60 
	0.06 

	Terminal C/N
	dB
	9.47 
	-0.43 
	9.77 
	12.50 
	4.81 
	-5.75 

	MCS
	 - 
	6 
	2 
	6 
	6 
	4 
	2 

	Target C/N
	dB
	9.45 
	-2.00 
	9.45 
	11.47 
	3.97 
	-7.52 

	Target Eb/No
	dB
	5.09 
	0.21 
	5.09 
	6.26 
	2.28 
	0.66 

	Transmission data rate
	Mbps
	1092.20 
	18.05 
	1092.20 
	99.67 
	590.64 
	4.57 

	Link margin
	dB
	0.02 
	1.57 
	0.32 
	1.03 
	0.83 
	1.77 


Table 2 Exemplified link budget for UL

	Parameters
	Unit
	Assumptions

	DL/UL
	 - 
	UL
	UL
	UL
	UL
	UL
	UL

	Satellite altitude
	km
	600 
	600 
	35786 
	35786 
	1200 
	1200 

	Band
	 - 
	Ka
	S
	Ka
	S
	Ka
	S

	UE type
	 - 
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3
	VSAT
	3GPP class 3

	Frequency
	MHz
	30000 
	2000 
	30000 
	2000 
	30000 
	2000 

	Bandwidth
	MHz
	400 
	30 
	400 
	30 
	400 
	30 

	Elevation angle
	degree
	30 
	30 
	30 
	30 
	30 
	30 

	Distance between satellite and UE @Elevation = 30°
	km
	1075.1 
	1075.1 
	38608.9 
	38608.9 
	1998.9 
	1998.9 

	UE EIRP
	dBW
	46.00 
	-7.00 
	46.00 
	-7.00 
	46.00 
	-7.00 

	UE Tx back off
	dB
	1.70 
	0.00 
	1.70 
	0.00 
	1.70 
	0.00 

	Channel model
	 - 
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)
	AWGN
(0km/h)

	Free-space loss
	dB
	182.61 
	159.09 
	213.72 
	190.19 
	188.00 
	164.48 

	Atmosphere loss
	dB
	1.03 
	0.85 
	1.03 
	0.85 
	1.03 
	0.85 

	Antenna direction loss
	dB
	0.50 
	0.00 
	0.50 
	0.00 
	0.50 
	0.00 

	Polarization loss
	dB
	0.00 
	3.00 
	0.00 
	3.00 
	0.00 
	3.00 

	Cable loss
	dB
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 

	Total loss
	dB
	184.64 
	163.44 
	213.72 
	194.55 
	190.03 
	168.83 

	Average C/I within a satellite beam
	dB
	 - 
	 - 
	 - 
	-　
	　-
	-　

	UE antenna gain
	dBi
	43.35 
	0.00 
	43.35 
	19.82 
	43.35 
	0.00 

	UE antenna efficiency
	 - 
	0.60 
	 - 
	0.60 
	0.60 
	0.60 
	 - 

	UE antenna diameter
	m
	0.60 
	 - 
	0.60 
	0.60 
	0.60 
	 - 

	T0 in satellite
	K
	290.00 
	290.00 
	290.00 
	290.00 
	290.00 
	290.00 

	Satellite noise figure
	dB
	1.20 
	3.00 
	1.20 
	1.20 
	1.20 
	3.00 

	Satellite Ta
	K
	92.29 
	288.63 
	92.29 
	92.29 
	92.29 
	288.63 

	Satellite T0+Ta
	K
	382.29 
	578.63 
	382.29 
	382.29 
	382.29 
	578.63 

	Satellite antenna G/T
	dB/K
	1.90 
	12.20 
	32.40 
	40.30 
	1.90 
	12.20 

	Satellite antenna gain
	dBi
	27.72 
	39.82 
	58.22 
	66.12 
	27.72 
	39.82 

	Satellite antenna efficiency
	 - 
	0.60 
	0.60 
	0.60 
	0.60 
	0.60 
	0.60 

	Satellite C/N
	dB
	4.02 
	-4.42 
	3.43 
	-7.42 
	-1.29 
	-9.80 

	MCS
	 - 
	4 
	2 
	2 
	2 
	2 
	2 

	Target C/N
	dB
	3.97 
	-6.42 
	2.79 
	-7.52 
	-6.42 
	-7.52 

	Target Eb/No
	dB
	2.28 
	-0.12 
	2.10 
	0.66 
	-0.12 
	0.66 

	Transmission data rate
	Mbps
	590.64 
	7.03 
	469.20 
	4.57 
	93.76 
	4.57 

	Link margin
	dB
	0.04 
	2.00 
	0.63 
	0.09 
	5.13 
	-2.28 


Observation 1: Only limited DL throughput for the class 3 UE can be achieved.
Observation 2: Support on the lower MCS in UL is still questionable for 3gpp class 3 UE.

Proposal 1: Enhancements on transmission, e.g., MCS with lower target BLER, should be considered for NTN.
3 Conclusion

This contribution addresses the link budget for DL and UL in service link are provided with following observations and proposal.
Observation 1: Only limited DL throughput for the class 3 UE can be achieved.
Observation 2: Support on the lower MCS in UL is still questionable for 3gpp class 3 UE.

Proposal 1: Enhancements on transmission, e.g., MCS with lower target BLER, should be considered for NTN.
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