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1 Introduction
In RAN#109-e meeting [1], the evaluation methodology and simulation assumptions are discussed and agreed. Some assumptions need further discussion and conclusion.
	Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions


In this contribution, we provide our link budget results and required SNR for uplink VoIP with and without packet combining. Based on the link budget results and required SNR, we discuss the coverage gap for VoIP in LEO scenario. In addition, we discuss the additional loss for link budget calculation.
2 Link Budget Analysis
The link budget assumptions and calculation are in agreement in RAN#109-e meeting. The simulated channel bandwidth is 360 kHz (2 PRBs) for PUSCH, and other assumptions are defined in Appendix. Link budget results are shown in Table 1. It is hard for MEO and GEO with satellite parameter set 2 to support 100 kbps data rate due to lower G/T values and significant free space path loss. We propose that for low-date rate service, 3 kbps data rate applies for MEO/GEO, and 100 kbps data rate applies for LEO.
Table 1: Link budget result for study cases
	Satellite parameter set
	Satellite orbit
	Elevation Angle
	G/T
	FSPL (dB)
	CNR (dB)

	Set 1
	LEO-600
	30
	1.1
	159.0995
	-5.22

	
	LEO-1200
	30
	1.1
	164.4863
	-10.61

	
	MEO
	30
	13
	180.2175
	-14.445

	
	GEO
	12.5
	19
	190.5803
	-18.89

	Set 2
	LEO-600
	30
	-4.9
	159.0995
	-11.22

	
	LEO-1200
	30
	-4.9
	164.4863
	-16.61

	
	MEO
	30
	3.8
	180.2175
	-23.64

	
	GEO
	20
	14
	190.4137
	-23.67



Proposal 1: For uplink low-date rate service, 3 kbps data rate applies for MEO/GEO, 100 kbps data rate applies for LEO.

In order to analyze the performance for coverage enhancements, we simulate link-level results for VoIP. We simulate the target SNR for 2% BLER with and without packet combining. The target SNRs for VoIP at 2% BLER are as follows:
Rep.20 without packet combining (TBS 184, 1PRB, QPSK): -8.61 dB
Rep.32 with packet combining (TBS 368, 2 PRB, QPSK): -11.25 dB
We calculate CNR with 180/360 kHz (1/2 PRBs) channel bandwidth and compare it with the corresponding target SNR. The results of the CNR gap from target SNR are shown in Fig. 1, Fig.2, and table 1. Results show that for LEO-600 and LEO-1200 with satellite parameter set 1, CNR can reach the target SNRs for rep.20 and rep.32 at elevation angle 30°; for LEO-1200 with satellite parameter set 2, CNR cannot reach both target SNR for rep.20 and rep.32; and for LEO-600 with satellite parameter set 2, CNR is very close to target SNR at elevation angle 30°. As shown in table 1, gaps of rep.20 without packet combining are lower than those of rep.32 with packet combining. Although the target SNR for rep.20 without packet combining is higher than the target SNR for rep.32 with packet combining, rep.20 performs slightly better than rep.32 on performance gap due to a 3 dB CNR gain.
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[bookmark: _Ref28963]Figure 1: Performance results with Rep.20
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Figure 2: Performance results with Rep.32
[bookmark: _GoBack]Table 1: CNR gap at elevation angle 30 degrees
	Satellite parameter set
	Satellite orbit
	Gap

	
	
	Rep.20
	Rep.32

	Set 1
	LEO-600
	-6.40
	-6.03

	
	LEO-1200
	-1.01
	-0.64

	Set 2
	LEO-600
	-0.10
	0.27

	
	LEO-1200
	5.29
	5.66



Observation 1: Both LEO-600 and LEO-1200 with satellite parameter set 1 can reach target SNRs.
Observation 2: Due to low CNR, LEO-1200 with satellite parameter set 2 cannot reach target SNRs with and without packet combining.
Observation 3: The coverage performance of rep.20 without packet combining is slightly better than that of rep.32 with packet combining.

3 Discussion on link budget calculation
In RAN1#109-e meeting, it is agreed that the elevation angle represents the edge of the edge beam. As described in TR 38.811 [2], the beam spacing values can be computed directly from the 3 dB beamwidth. We think that beam edge users have an additional 3 dB loss compared to the beam center users due to the satellite antenna pattern, as shown in Fig.3.
[image: ]
Figure 3: Example of beam edge

Proposal 2: 3dB loss for link budget calculation due to the HPBW at beam edge should be discussed.
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Appendix A: Simulation assumptions 

	Parameters
	Value

	Carrier frequency
	2 GHz

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30° (LEO), 12.5° (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	3 dB

	Scintillation loss
	2.2 dB

	Additional loss
	0 dB

	Polarization loss
	3 dB

	UE transmit power
	23 dBm
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