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1. Introduction
[bookmark: _GoBack][bookmark: _Hlk100744619]In RAN#94, the work item on NR NTN (Non-Terrestrial Networks) enhancements was approved. The WI aims at specifying enhancements for NG-RAN based NTN (non-terrestrial networks), including evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN. The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains.[1]

In RAN1#109-e, FL assumes the following study plan for these purposes.[2]
· RAN1#109-e: Agreements to have the same assumption for simulation evaluation
· RAN1#110: Agreements to list simulation results and have a conclusion on this study phase

Agreements of RAN1#109-e are summarized in Chair’s Notes [3]. Some of the key agreements are as following.


Agreement
For NR NTN coverage enhancement, evaluate the following cases.
Table 1. Cases for Coverage Enhancement Evaluation
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
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

In this contribution, we present the link budget calculation and link level simulation results based on the assumptions agreed in RAN1#109-e.

2. Link Budget Calculation

2.1 Assumptions for link budget calculation
For link budget calculation, parameters in table 2 is assumed based on the RAN1#109-e agreements [3] and related documents [4][5].
 Table 2 Assumptions for link budget calculation
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	NRB*SCS*12MHz, SCS=15kHz,NRB>=1

	Satellite altitude
	LEO600 km, LEO1200 km, MEO10000 km, GEO35786 km

	Target elevation angle
	30° (LEO), 30° (MEO), 12.5°/20° (GEO, Set 1/Set2)

	Atmospheric loss
	0.2dB(GEO), 0.16dB(MEO), 0.1dB(LEO)

	Scintillation loss
	2.2dB

	Shadowing margin
	3 dB

	Clear sky conditions
	Yes

	Polarization loss
	3dB

	Beam edge loss
	3 dB (*Note1)

	Satellite EIRP density (dBW/MHz)
	59/53.5(GEO Set1/Set2),  40/34(LEO1200 Set1/Set2), 34/28(LEO600 Set1/Set2),  51/45.4(MEO Set1/Set2)

	Satellite G/T (dB/K)
	19/14(GEO Set1/Set2),  1.1/-4.9(LEO1200 Set1/Set2),  
1.1/-4.9(LEO600 Set1/Set2),   13/3.8(MEO Set1/Set2)

	Satellite beam edge loss
	0 or 3dB (Note 1)

	UE Tx power
	200 mW (23 dBm)

	UE Tx/Rx antenna gain
	-5dB

	UE Noise Figure
	7dB

	UE Antenna temperature
	290K



Note 1: In RAN1#109-e agreements, it is noted that  the values of elevation angles are values at the edge of the edge beam. We assume the beam edge loss is 3dB.


2.2 Results of link budget calculation

As listed in table 1, there are 10 cases to be evaluated for NR NTN coverage enhancement. Our link budget calculation results are listed in the following tables. Table3 is for the downlink and Table4 is for the uplink.

 Table 3. DL link budget 
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	DL CNR (dB) at beam center
	DL CNR (dB)
at beam edge

	1
	GEO
	1
	12.5
	Low-data rate service
	-8.0
	-11

	2
	GEO
	2
	20
	Low-data rate service
	-13.3
	-16.3

	3
Optional
	LEO-1200
	1
	30
	VoIP
	-0.8
	-3.8

	4
	LEO-1200
	2
	30
	VoIP
	-6.8
	-9.8

	5 
	LEO-1200
	2
	30
	Low-data rate service
	
	

	6
Optional
	LEO-600
	1
	30
	VoIP
	-1.4
	-4.4

	7 
	LEO-600
	2
	30
	VoIP
	
-7.4

	-10.4

	8
Optional
	LEO-600
	2
	30
	Low-data rate service
	
	

	9
Optional
	MEO
	1
	30
	Low-data rate service
	-5.6
	-8.6

	10
Optional
	MEO
	2
	30
	Low-data rate service
	-11.2
	-14.2




 Table 4. UL link budget 
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	UL CNR (dB) at beam center
	UL CNR (dB) at beam edge

	1
	GEO
	1
	12.5
	Low-data rate service
	-15.9 - W 
(*Note2)
	-18.9 - W

	2
	GEO
	2
	20
	Low-data rate service
	-20.8 - W
	-23.8 - W

	3
Optional
	LEO-1200
	1
	30
	VoIP
	-7.6 - W
	-10.6 - W

	4
	LEO-1200
	2
	30
	VoIP
	-13.6 - W
	-16.6 - W

	5 
	LEO-1200
	2
	30
	Low-data rate service
	
	

	6
Optional
	LEO-600
	1
	30
	VoIP
	-2.2 - W
	-5.2 - W

	7 
	LEO-600
	2
	30
	VoIP
	-8.2 - W
	-11.2 - W

	8
Optional
	LEO-600
	2
	30
	Low-data rate service
	
	

	9
Optional
	MEO
	1
	30
	Low-data rate service
	-11.5 - W
	-14.5 - W

	10
Optional
	MEO
	2
	30
	Low-data rate service
	-20.7 - W
	-23.7 - W



Note 2:  
W = 10*log10(NRB*SCS/15kHz). 
Or equivalently, W = 7.45 + 10*log10(ChannelBandwidth/1MHz) 


Observation 1: For NTN link budget, GEO / satellite parameter set-2 are more severe scenarios comparing with LEO / satellite parameter set-1.

Observation 2: Among all the 10 cases for evaluation, case2 (GEO/Set2) and case10 (MEO/Set2) have the lowest link budget CNR, case6 (LEO-600/Set1) and case3 (LEO-1200/Set1) have the highest link budget CNR. 

Observation 3: For downlink, the link budget does not depend on channel bandwidth, since satellite EIRP density, not EIRP is limited. For the non-optional cases, CNRs are in the range of [-13.3, -6.8]dB at the beam center or [-16.3, -9.8]dB at the beam edge.

Observation 4: For uplink, the link budget depends on channel bandwidth, since UE transmit power, not power density is limited. The larger the channel bandwidth is, the lower the uplink budget is. For channel bandwidth of 1PRB, and for the non-optional cases, CNRs are in the range of [-20.8, -13.6]dB at the beam center or [-23.8, -16.6]dB at the beam edge. For channel bandwidth of 8PRB, for example, the CNR range decreases 9dB from the ranges for 1PRB.

Observation 5: For NR NTN, the link budgets of uplink and downlink are quite unbalanced. The uplink coverage enhancement would be more challenging than downlink. 

3. Link Level Simulation


3.1 Downlink

For downlink, VoIP, 20 repetitions, 2PRB, rural LOS scenario, 2%BLER, our simulation result shows that the required SNR is -9.0dB. The link budget margin is listed in table 5.  

 Table 5. Required SNR and link budget margin for downlink VoIP
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	DL CNR (dB) at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	3 (Optional)
	LEO-1200
	1
	30
	VoIP
	-3.8
	-9.0
	5.2

	4
	LEO-1200
	2
	30
	VoIP
	-9.8
	
	-0.8

	6 (Optional)
	LEO-600
	1
	30
	VoIP
	-4.4
	
	4.6

	7
	LEO-600
	2
	30
	VoIP
	-10.4
	
	-1.4




Observation 6: For downlink, VoIP, 20 repetitions, 3PRB, rural LOS scenario, 2%BLER, the required SNR is -9.0 dB. The link budget margin is in the range of  [-1.4, 5.2]dB.

For downlink, 3kbps low data rate service, 32 repetitions, coding rate = 0.25, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget margin is listed in table 6.  

 Table 6. Required SNR and link budget margin for downlink 3kbps low data rate service 

	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	DL CNR (dB) at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	1
	GEO
	1
	12.5
	3kbps
	-11.0 
	-13.0 
	2.0 

	2
	GEO
	2
	20
	3kbps
	-16.3 
	
	-3.3 

	5
	LEO-1200
	2
	30
	3kbps
	-9.8 
	
	3.2 

	8 (Optional)
	LEO-600
	2
	30
	3kbps
	-10.4 
	
	2.6 

	9 (Optional)
	MEO
	1
	30
	3kbps
	-8.6 
	
	4.4 

	10 (Optional)
	MEO
	2
	30
	3kbps
	-14.2 
	
	-1.2 



Observation 7: For downlink, low data rate service, 3kbps, 32 repetitions, coding rate = 0.25, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget margin is
 in the range of  [-3.3, 4.2]dB. For example, for case 2 (GEO, set2), link budget margin is negative (-3.3dB).

For downlink, 1Mbps low data rate service, 8 repetitions, coding rate = 0.17, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -11.0dB. The link budget margin is listed in table 7.  

 Table 7. Required SNR and link budget margin for downlink 1Mbps low data rate service
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	DL CNR (dB) at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	1
	GEO
	1
	12.5
	1Mbps
	-11.0 
	-11.0 
	0.0 

	2
	GEO
	2
	20
	1Mbps
	-16.3 
	
	-5.3 

	5
	LEO-1200
	2
	30
	1Mbps
	-9.8 
	
	1.2 

	8 (Optional)
	LEO-600
	2
	30
	1Mbps
	-10.4 
	
	0.6 

	9 (Optional)
	MEO
	1
	30
	1Mbps
	-8.6 
	
	2.4 

	10 (Optional)
	MEO
	2
	30
	1Mbps
	-14.2 
	
	-3.2 



As we know, increasing repetition number or decrease coding rate can improve coverage. But this will require more PRBs. For example, for the case of 1Mbps data service, using 32 repetition and coding rate of 0.17 requires about 800 PRBs, which is actually not feasible.

Observation 8: For downlink, low data rate service, 1Mbps, 8 repetitions, coding rate = 0.17, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -11.0dB. The link budget margin is
 in the range of  [-5.3, 2.4]dB. For example, for case 2 (GEO, set2), link budget margin is -5.3dB.

Observation 9: Repetition may not be fully utilized due to actual considerations on data rate, coding rate, channel bandwidth.

Proposal 1: For NTN downlink, GEO coverage needs enhancement.

3.1 Uplink

For uplink, VoIP, 20 repetitions, 2PRB, rural LOS scenario, 2%BLER, our simulation result is that the required SNR is -8.3dB. The link budget margin is listed in table 8. 

 Table 8. Required SNR and link budget margin for uplink VoIP
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	UL CNR (dB) （2PRB）at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	3 (Optional)
	LEO-1200
	1
	30
	VoIP
	-13.6 
	-8.3 
	-5.3

	4
	LEO-1200
	2
	30
	VoIP
	-19.6 
	
	-11.3

	6 (Optional)
	LEO-600
	1
	30
	VoIP
	-8.2 
	
	0.1

	7
	LEO-600
	2
	30
	VoIP
	-14.2 
	
	-5.9




Observation 10: For uplink, VoIP, 20 repetitions, without packet combining, 2PRB, rural LOS scenario, 2%BLER, the required SNR is -8.3 dB. The link budget margin is in the range of  [-11.3, 0.1]dB.

For uplink, 3kbps low data rate service, 32 repetitions, 2PRB, coding rate = 0.15, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -12.3dB. The link budget margin is listed in table 9.  

 Table 9. Required SNR and link budget margin for uplink 3kbps low data rate service 
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	UL CNR (dB) （2PRB）at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	1
	GEO
	1
	12.5
	3kbps
	-21.9 
	-12.3 
	-9.6 

	2
	GEO
	2
	20
	3kbps
	-26.8 
	
	-14.5 

	5
	LEO-1200
	2
	30
	3kbps
	-19.6 
	
	-7.3 

	8 (Optional)
	LEO-600
	2
	30
	3kbps
	-14.2 
	
	-1.9 

	9 (Optional)
	MEO
	1
	30
	3kbps
	-17.5 
	
	-5.2 

	10 (Optional)
	MEO
	2
	30
	3kbps
	-26.7 
	
	-14.4 



Observation 11: For uplink, low data rate service, 3kbps, 32 repetitions, coding rate = 0.15, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -12.3dB. The link budget margin is
 in the range of  [-14.5, 1.9]dB. For example, for case 2 (GEO, set2), link budget margin is -14.5dB.

For uplink, 100kps low data rate service, 32 repetitions, 32PRB, coding rate = 0.32, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget margin is listed in table 10.  

 Table 10. Required SNR and link budget margin for uplink 100kbps low data rate service
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Service type
	UL CNR (dB) （32PRB）at beam edge
	Required SNR (dB)
	Link budget margin (dB)

	1
	GEO
	1
	12.5
	100kbps
	-33.9 
	-13.0 
	-20.9 

	2
	GEO
	2
	20
	100kbps
	-38.8 
	
	-25.8 

	5
	LEO-1200
	2
	30
	100kbps
	-31.6 
	
	-18.6 

	8 (Optional)
	LEO-600
	2
	30
	100kbps
	-26.2 
	
	-13.2 

	9 (Optional)
	MEO
	1
	30
	100kbps
	-29.5 
	
	-16.5 

	10 (Optional)
	MEO
	2
	30
	100kbps
	-38.7 
	
	-25.7 



Observation 12: For uplink, low data rate service, 100kbps, 32 repetitions, coding rate = 0.32, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget CNR is far below the required SNR. 

Proposal 2: For NTN uplink, coverage enhancements are necessary for both VoIP and low data rate service.



4. Conclusions

Observation 1: For NTN link budget, GEO / satellite parameter set-2 are more severe scenarios comparing with LEO / satellite parameter set-1.

Observation 2: Among all the 10 cases for evaluation, case2 (GEO/Set2) and case10 (MEO/Set2) have the lowest link budget CNR, case6 (LEO-600/Set1) and case3 (LEO-1200/Set1) have the highest link budget CNR. 

Observation 3: For downlink, the link budget does not depend on channel bandwidth, since satellite EIRP density, not EIRP is limited. For the non-optional cases, CNRs are in the range of [-13.3, -6.8]dB at the beam center or [-16.3, -9.8]dB at the beam edge.

Observation 4: For uplink, the link budget depends on channel bandwidth, since UE transmit power, not power density is limited. The larger the channel bandwidth is, the lower the uplink budget is. For channel bandwidth of 1PRB, and for the non-optional cases, CNRs are in the range of [-20.8, -13.6]dB at the beam center or [-23.8, -16.6]dB at the beam edge. For channel bandwidth of 8PRB, for example, the CNR range decreases 9dB from the ranges for 1PRB.

Observation 5: For NR NTN, the link budgets of uplink and downlink are quite unbalanced. The uplink coverage enhancement would be more challenging than downlink. 

Observation 6: For downlink, VoIP, 20 repetitions, 3PRB, rural LOS scenario, 2%BLER, the required SNR is -9.0 dB. The link budget margin is in the range of  [-1.4, 5.2]dB.

Observation 7: For downlink, low data rate service, 3kbps, 32 repetitions, coding rate = 0.25, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget margin is
 in the range of  [-3.3, 4.2]dB. For example, for case 2 (GEO, set2), link budget margin is negative (-3.3dB).
Observation 8: For downlink, low data rate service, 1Mbps, 8 repetitions, coding rate = 0.17, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -11.0dB. The link budget margin is
 in the range of  [-5.3, 2.4]dB. For example, for case 2 (GEO, set2), link budget margin is -5.3dB.

Observation 9: Repetition may not be fully utilized due to actual considerations on data rate, coding rate, channel bandwidth.

Proposal 1: For NTN downlink, GEO coverage needs enhancement.

Observation 10: For uplink, VoIP, 20 repetitions, without packet combining, 2PRB, rural LOS scenario, 2%BLER, the required SNR is -8.3 dB. The link budget margin is in the range of  [-11.3, 0.1]dB.

Observation 11: For uplink, low data rate service, 3kbps, 32 repetitions, coding rate = 0.15, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -12.3dB. The link budget margin is
 in the range of  [-14.5, 1.9]dB. For example, for case 2 (GEO, set2), link budget margin is -14.5dB.

Observation 12: For uplink, low data rate service, 100kbps, 32 repetitions, coding rate = 0.32, rural LOS scenario, 10%BLER, our simulation result is that the required SNR is -13.0dB. The link budget CNR is far below the required SNR. 

Proposal 2: For NTN uplink, coverage enhancements are necessary for both VoIP and low data rate service.
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