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1	Introduction
The following agreements were made in RAN1#109-e [1].
	Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
Companies should report which value of EIRP density is used and corresponding justification.




In this contribution, the issues for coverage enhancement would be discussed.

2	Discussion 

2.1	Terminal/Satellite RF parameters
The theoretical gain of an omnidirectional antenna is 0 dBi. Due to physical limitations, the actual gain is expected to be much lower. Most antennas used in terrestrial handsets have a gain of around -5 dBi, but this may vary depending on the frequency band used. To be compatible with the terrestrial and non-terrestrial networks at the same time, it is necessary for the satellite handset to also have an antenna gain similar to that of the terrestrial handset. However, for accurate values, we also prefer to wait for the opinion from RAN4.
Proposal 1: X = - 5 or a lower value should be assumed as a working assumption for a link-level simulation. Otherwise, waiting for RAN4's decision is also a good option.

2.2	Link budget results considering PFD limitation
The satellite parameters for the link budget calculation in TR 38.821 are given in Appendix A. However, the considered EIRP values do not reflect the PFD limit regulated by ITU-R. If the PFD limit of the S-band allocated for mobile satellite services is applied, the EIRP can be much lower. For example, the frequency range of 2170-2200MHz is allocated for Fixed/Mobile/Mobile-satellite (space-to-Earth) services.
Table 1. Allocation to services for frequency range of 2170-2200MHz [4]
	Allocation to services for 2170-2200 MHz

	Region 1
	Region 2
	Region 3

	
	Fixed
Mobile
Mobile – Satellite (Space to Earth) 5.351A
5.388 5.389A 5.389F



There is no hard limit of PFD limit in this frequency range, but there is a coordination threshold values according to ITU-R's regulations as shown below.
Table 2. Coordination threshold values for the frequency range of 2160-2200MHz [4]
	Frequency band (MHz)
	Terrestrial service to be protected
	Coordination threshold values

	
	
	GSO space station
	Non-GSO space stations

	
	
	PFD calculation factors
	PFD calculation factors
	% FDP 
(in 1MHz)

	
	
	(dBW//MHz)
	 
(dB/degrees)
	(dBW//MHz)
	 
(dB/degrees)
	

	2160-2200
	Analogue FS telephony
	-128
	0.5
	-123
	0.5
	

	
	All other cases
	-128
	0.5
	-123
	0.5
	25



The PFD considering the coordination threshold is obtained with the formula:

where  is the angle of arrival (AoA) above the horizontal plane. With this equation, the PFDs for the GSO and Non-GSO space stations are shown in Fig. 1.
[image: ]
Figure 1. PFD limits based on the ITU regulations.
The results of calculated EIRP and CNR using the PFD limits are shown in the following table.

Table 3. PFD limit, EIRP density, TX EIRP, and CNR [4]
	Study case
	PFD limit [dBW/m2/MHz]
	EIRP density [dBW/MHz]
	 TX EIRP [dBm]
	CNR [dB] 

	1
	-124.25
	38.85
	83.62
	-28.15 

	2
	-115.5
	47.44
	92.21
	-19.30 

	3
(Optional)
	-118
	19.01
	63.78
	-21.80 

	4, 5
	-118
	19.01
	63.78
	-21.80 

	6
(Optional)
	-118
	13.62
	58.39
	-21.80 

	7, 8
	-118
	13.62
	58.39
	-21.80 

	9
(Optional)
	-118
	34.74
	79.51
	-21.80 

	10
(Optional)
	-118
	34.74
	79.51
	-21.80 



Observation: If the PFD limit is applied, EIRP and CNR are very low.
Proposal 2: If the PFD limit should be met, discussions on how to increase the CNR will be required.


3	Conclusion
Proposal 1: X = - 5 or even lower value should be assumed as a working assumption for a linked-level simulation. Otherwise, waiting for RAN4's decision is also a good option.
Proposal 2: If the PFD limit should be met, discussions on how to increase the CNR will be required.

4	Reference
[1] [bookmark: _Ref54010066]Chairman’s notes RAN1#109-e 9.12 EOM
[2] 3GPP TS 38.214, Physical layer procedures for data
[3] 3GPP TR 38.821, Solutions for NR to support non-terrestrial networks (NTN)
[4] ITU Radio Regulations Articles, Edition of 2020

5	Appendix A: Parameter sets
	Satellite parameter (Set-1)

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]

	DL
	Equivalent satellite antenna aperture [m]
	S-band
	22
	2
	2
	5

	
	Satellite EIRP density [dBW/MHz]
	
	59
	40
	34
	51

	
	Satellite Tx max Gain [dBi]
	
	51
	30
	30
	38.6

	
	3dB beamwidth [deg]
	
	0.4011
	4.4127
	4.4127
	2.1

	
	Satellite beam diameter [km]
	
	250
	90
	50
	150

	
	Equivalent satellite antenna aperture [m]
	Ka-band
	5
	0.5
	0.5
	2

	
	Satellite EIRP density [dBW/MHz]
	
	40
	10
	4
	32

	
	Satellite Tx max Gain [dBi]
	
	58.5
	38.5
	38.5
	50

	
	3dB beamwidth [deg]
	
	0.1765
	1.7647
	1.7647
	0.53

	
	Satellite beam diameter [km]
	
	110
	40
	20
	77

	UL
	Equivalent satellite antenna aperture [m]
	S-band 
	22
	2
	2
	5

	
	G/T [dB/K]
	
	19
	1.1
	1.1
	13

	
	Satellite Rx max Gain [dBi]
	
	51
	30
	30
	38.6

	
	Equivalent satellite antenna aperture [m]
	Ka-band
	3.33
	0.33
	0.33
	1.5

	
	G/T [dB/K]
	
	28
	13
	13
	22.5

	
	Satellite RX max Gain [dBi]
	
	58.5
	38.5
	38.5
	48.14



	Satellite parameter (Set-2)

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]

	DL
	Equivalent satellite antenna aperture [m]
	S-band
	12
	1
	1 
	1.5

	
	Satellite EIRP density [dBW/MHz]
	
	53.5
	34
	28
	45.4

	
	Satellite Tx max Gain [dBi]
	
	45.5
	24
	24
	28.1

	
	3dB beamwidth [deg]
	
	0.7353
	8.8320
	8.8320
	6.5

	
	Satellite beam diameter [km]
	
	450
	190
	90
	　

	
	Equivalent satellite antenna aperture [m]
	Ka-band
	2
	0.2
	0.2
	0.5

	
	Satellite EIRP density [dBW/MHz]
	
	32
	2
	-4
	20

	
	Satellite Tx max Gain [dBi]
	
	50.5
	30.5
	30.5
	38.6

	
	3dB beamwidth [deg]
	
	0.4412
	4.4127
	4.4127
	2.01

	
	Satellite beam diameter [km]
	
	280
	90
	50
	150

	UL
	Equivalent satellite antenna aperture [m]
	S-band 
	12
	1
	1
	1.5

	
	G/T [dB/K]
	
	14
	-4.9
	-4.9
	3.8

	
	Satellite Rx max Gain [dBi]
	
	45.5
	24
	24
	28.1

	
	Equivalent satellite antenna aperture [m]
	Ka-band
	1.33
	0.13
	0.13
	[bookmark: _GoBack]0.33

	
	G/T [dB/K]
	
	20
	5
	5
	12.9

	
	Satellite RX max Gain [dBi]
	
	50.5
	30.5
	30.5
	38.51
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