3GPP TSG RAN Meeting #94-e						RP-212997
Electronic Meeting, December 6 - 17, 2021

Agenda Item:	8A.2
Source:	Apple
Title:	On Rel-18 NR NTN Coverage Enhancement
Document for:	Discussion/Decision
[bookmark: _Ref2933478]Introduction
The RAN Rel-18 work scope was discussed in RAN Rel-18 workshop, and it was summarized in [1]. One identified feature is NTN (Non-Terrestrial Network) evolution which includes both NR and IoT (Internet of Things) aspects. 

The detailed topics of NTN evaluation were conducted in an email discussion [RAN93e-R18Prep-08] which is summarized in [2], and in an email discussion [RAN94e-R18Prep-13] which is summarized in [3]. After these email discussions, the WID of NR NTN was drafted in [4]. Several potential objectives were listed as
1. Coverage enhancement
2. NR-NTN deployment in above 10 GHz bands 
3. NTN-TN and NTN-NTN mobility and service continuity enhancements
4. Network verified and network based UE location

In this contribution, we discuss the topic of coverage enhancements on Rel-18 NR NTN evolution.
Discussion 
The motivation of NR NTN coverage enhancement is to achieve the data rate requirements under the given NTN link budget. The NTN downlink link budget is analyzed in Table 1 for set 1 satellite parameters in [3] and in Table 2 for set 2 satellite parameters in [3]. 

In the tables, we count the smart phone antenna gain as -X dB, where the value of X needs to be specified. For example, if the value of X is set as 7 dB, then the CNR values in set 2 GEO/LEO-1200/LEO-600 satellites are given by -15.31/-8.78/-9.40 dB. These CNR values are lower than the SNR requirements for downlink physical channels [6].  

[bookmark: _Ref65503777]Table 1: DL NR NTN link budget based on set 1 satellite parameters in [3]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite EIRP density (dBW/MHz)
	59
	40
	34

	Channel bandwidth (MHz)
	20
	20
	20

	Satellite EIRP (dBm)
	102.01
	83.01
	77.01

	
	
	
	

	Central beam edge elevation (degree)
	12.5
	30
	30

	Max. distance between satellite and UE (km)
	40308
	1998
	1075

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.58
	164.48
	159.10

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.2
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Polarization loss (dB)
	3
	3
	3

	
	
	
	

	UE antenna temperature (K)
	290
	290
	290

	Thermal noise (dBW/Hz)
	-174
	-174
	-174

	Noise floor (dBm)
	-100.99
	-100.99
	-100.99

	UE noise figure (dB)
	7
	7
	7

	UE antenna gain (dBi)
	-X
	-X
	-X

	
	
	
	

	CNR (dB)
	-2.98-X
	4.22-X
	3.60-X




[bookmark: _Ref82709364]Table 2: DL NR NTN link budget based on set 2 satellite parameters in [3]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite EIRP density (dBW/MHz)
	53.5
	34
	28

	Channel bandwidth (MHz)
	20
	20
	20

	Satellite EIRP (dBm)
	96.51
	77.01
	71.01

	
	
	
	

	Central beam edge elevation (degree)
	20
	30
	30

	Max. distance between satellite and UE (km)
	39544
	1998
	1075

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.41
	164.48
	159.10

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.2
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Polarization loss (dB)
	3
	3
	3

	
	
	
	

	UE antenna temperature (K)
	290
	290
	290

	Thermal noise (dBW/Hz)
	-174
	-174
	-174

	Noise floor (dBm)
	-100.99
	-100.99
	-100.99

	UE noise figure (dB)
	7
	7
	7

	UE antenna gain (dBi)
	-X
	-X
	-X

	
	
	
	

	CNR (dB)
	-8.31-X
	-1.78-X
	-2.40-X




Observation 1: The small antenna gain in smart phones leads to low CNR, which leaves gap to downlink channel SNR requirements.  

The NTN downlink link budget is analyzed in Table 3 for set 1 satellite parameters in [3] and in Table 4 for set 2 satellite parameters in [3]. 

In the tables, we count the smart phone antenna gain as -X dB, where the value of X needs to be specified. For example, if the value of X is set as 7 dB, then the CNR values in set 2 GEO/LEO-1200/LEO-600 satellites are given by -25.75/-18.62/-13.24 dB even with 1 PRB transmission in 30 kHz sub-carrier spacing. These CNR values are lower than the SNR requirements for uplink physical channels with the Rel-17 coverage enhancement. 

[bookmark: _Ref82709336]Table 3: UL NR NTN link budget based on set 1 satellite parameters in [3]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	UE max Tx power (dBm)
	23
	23
	23

	UE antenna gain (dBi)
	-X
	-X
	-X

	UE EIRP (dBm)
	23-X
	23-X
	23-X

	
	
	
	

	Central beam edge elevation (degree)
	12.5
	30
	30

	Max. distance between satellite and UE (km)
	40308
	1998
	1075

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.58
	164.48
	159.10

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.2
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Polarization loss (dB)
	3
	3
	3

	
	
	
	

	Antenna temperature (K)
	290
	290
	290

	G/T (dB/K)
	19
	1.1
	1.1

	Satellite Rx gain (dBi)
	43.63
	25.72
	25.72

	Channel bandwidth (MHz)
	0.36
	0.72
	0.36
	0.72
	0.36
	0.72

	
	
	
	

	CNR (dB)
	-13.92-X
	-16.93-X
	-5.62-X
	-8.63-X
	-0.24-X
	-3.25-X




[bookmark: _Ref82709350]Table 4: UL NR NTN link budget based on set 2 satellite parameters in [3]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	UE max Tx power (dBm)
	23
	23
	23

	UE antenna gain (dBi)
	-X
	-X
	-X

	UE EIRP (dBm)
	23-X
	23-X
	23-X

	
	
	
	

	Central beam edge elevation (degree)
	20
	30
	30

	Max. distance between satellite and UE (km)
	39544
	1998
	1075

	Carrier frequency (GHz)
	2
	2
	2

	Free space path loss (dB)
	190.41
	164.48
	159.10

	Shadowing (dB)
	3
	3
	3

	Atmospheric path loss (dB)
	0.2
	0.1
	0.1

	Scintillation loss (dB)
	2.2
	2.2
	2.2

	Polarization loss (dB)
	3
	3
	3

	
	
	
	

	Antenna temperature (K)
	290
	290
	290

	G/T (dB/K)
	14
	-4.9
	-4.9

	Satellite Rx gain (dBi)
	43.63
	25.72
	25.72

	Channel bandwidth (MHz)
	0.36
	0.72
	0.36
	0.72
	0.36
	0.72

	
	
	
	

	CNR (dB)
	-18.75-X
	-21.76-X
	-11.62-X
	-14.63-X
	-6.24-X
	-9.25-X




Observation 2: The small antenna gain in smart phones leads to low CNR, which leaves gap to uplink channel SNR requirements.  

In the above link budget analysis, we do not consider the radio regulation restrictions. It is agreed in Rel-17 NR NTN that NR NTN could operate in either L-band or S-band. For L-band operations, the downlink frequency is 1525-1559 MHz and the uplink frequency is 1626.5-1660.5 MHz. For S-band operations, the uplink frequency is 1980-2010 MHz and downlink frequency is 2170-2200 MHz. 

The operations of NTN on L-band or S-band is subject to radio regulations restriction. According to [2], the power flux density should be limited in order to protect terrestrial services. Specifically, the power flux density limitation is shown in Table 5. The power flux density threshold is given by 


For example, at the downlink frequency of 2160-2200 MHz, the non-GSO space stations should apply the power flux density calculation factors of  in 1 MHz and  dB/degree. For elevation angle of 30 degrees, the power flux density is given by , which is equal to  in 1 MHz.

[bookmark: _Ref82768887]Table 5: ITU radio regulations [7]
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The power flux density is defined as the amount of power flow through a unit area within a unit bandwidth. The power flux density is calculated by , where is the distance from satellite to UE. 

For example, the power flux density limitation of  in 1 MHz implies that satellite EIRP density is  dBW/MHz. Here, we ignore the losses (e.g., atmospheric path loss, scintillation loss, etc) in the calculation for simplicity.

In case of LEO-600 at elevation angle of 30 degrees, the satellite EIRP density is only 18.6 dBW/MHz. In other words, to meet the power flux density limitation, the satellite EIRP density has to be reduced from 34 dBW/MHz to 18.6 dBW/MHz in set 1 satellite parameters (Table 1). This power flux density limitation will result in another 15.4 dB loss on CNR. Figure 1 shows the CNR vs. elevation angles with or without power flux density limitation, for the LEO-600 scenario with UE antenna gain of 0 dB. It is observed from the figure that with the power flux density limitation, the NR NTN downlink link budget is much restricted. Figure 2 shows the corresponding downlink throughput with the assumption of 20 MHz bandwidth. Here, 2 dB gap from Shannon capacity is assumed.

[image: ]
[bookmark: _Ref83999962]Figure 1: CNR with or without PFD limitation 

[image: ]
[bookmark: _Ref84435226]Figure 2: Throughput with or without PFD limitation

Observation 3: The regulation of limiting power flux density leads to low CNR and data throughput, which leaves gap to downlink channel SNR requirements.  

Based on the above observations, we think the link budget analysis of NR NTN needs to consider both small antenna gain and regulatory limitations on power flux density. 

Proposal 1: When examining the link budget of NR NTN, both small antenna gain and regulatory limitations on power flux density need to be considered. 

In terrestrial network, the coverage enhancement is mainly on the uplink direction since it turns out the uplink channels are the bottleneck due to the imbalanced transmit power in uplink and downlink. However, the power flux density limitation in NR NTN downlink implies that NR NTN may experience severe downlink link budget issue.  Hence, Rel-18 NR NTN coverage enhancement should include both uplink coverage enhancement and downlink coverage enhancement. 

Proposal 2: Rel-18 NR NTN coverage enhancement includes both uplink coverage enhancement and downlink coverage enhancement. 

Conclusion
Based on the discussion above, we have the following observations and proposals.
Observation 1: The small antenna gain in smart phones leads to low CNR, which leaves gap to downlink channel SNR requirements.  
Observation 2: The small antenna gain in smart phones leads to low CNR, which leaves gap to uplink channel SNR requirements.  
Observation 3: The regulation of limiting power flux density leads to low CNR and data throughput, which leaves gap to downlink channel SNR requirements.  

Proposal 1: When examining the link budget of NR NTN, both small antenna gain and regulatory limitations on power flux density need to be considered. 
Proposal 2: Rel-18 NR NTN coverage enhancement includes both uplink coverage enhancement and downlink coverage enhancement. 
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Frequency Terrestrial
band service Coordination threshold values
(MHz) to be protected
GSO space stations Non-GSO space stations
pfd pfd % FDP
(per space station) (per space station) (in 1 MHz)
calculation factors calculation factors (NOTE 1)
(NOTE 2) (NOTE 2)
P rdB/ P rdB/
degrees degrees
1518-1525 Analogue —146 dB(W/m?) 0.5 —146 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —128 dB(W/m?)
in 1 MHz in 1 MHz
All other cases | —128 dB(W/m?) 0.5 —-128 dB(W/m?) 0.5 25
FS telephony in 1 MHz in 1 MHz
(NOTES 4
and 8)
1525-1530 Analogue —146 dB(W/m?) 0.5 —146 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —128 dB(W/m?) in
in 1 MHz 1 MHz
All other cases | —128 dB(W/m?) 0.5 —128 dB(W/m?) 0.5 25
in 1 MHz in 1 MHz
2 160-2 200 Analogue —-146 dB(W/m?) 0.5 —141 dB(W/m?) 0.5
FS telephony in 4 kHz and in 4 kHz and
(NOTE 5) —128 dB(W/m?) —-123 dB (W/m?) in
in 1 MHz 1 MHz
(NOTE 6)
(NOTE 3) All other cases | —128 dB(W/m?) 0.5 -123 dB(W/m?) 0.5 25
in 1 MHz in 1 MHz
(NOTE 6)
2 483.5-2 500 All cases —146 dB(W/m?) 0.5 —144 dB(W/m?) 0.65
(mobile- in 4 kHz and in 4 kHz and
satellite —128 dB(W/m?) —-126 dB(W/m?)
service) in 1 MHz in 1 MHz
(NOTE 9)
2 483.5-2 500 All cases —-152 dB(W/m?) - —153 dB(W/m?)
(radiodeterm- except the in 4 kHz in 4 kHz
ination-satellite | radiolocation —128 dB(W/m?) —129 dB(W/m?)
service) service in the in 1 MHz in 1 MHz
(NOTE 10) countries listed (NOTE 9)
in No. 5.398A
2 500-2 520 (SUP - WRC-07)
2 520-2 535 (SUP - WRC-07)
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