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1. Introduction
In RAN#101, the revised SID for IMT-2020 submission of the 3GPP Satellite Radio Interface Technology is approved [1]. The evaluation methodologies were made during RAN1#112bis-e, RAN1#113, and RAN1#114. In the contribution, the evaluation results for eMBB-s are provided.
2. System Level Simulation Results
During RAN1#114 bis meeting, the following agreement for eMBB-s spectral efficiency evaluation was made [2]:

	Agreement
At least for eMBB-s spectral efficiency evaluation, a value of 0dB for scintillation loss can be optionally used (in addition to the already agreed 2.2dB) and results can be separately captured in TR 37.911.



In this contribution, the evaluation results with scintillation loss 0 dB and 2.2 dB for average spectral efficiency, 5th percentile user spectral efficiency, user experienced data rate, and area traffic capacity are provided. The evaluated channel model follows case 9 and case 10 in TR 38.821 [3] and TR 38.811 [4]. Other assumptions are summarized in the Annex.
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[bookmark: _GoBack]Table 1 and Table 2 are the evaluation results of average spectral efficiency and 5th percentile user spectral efficiency for scintillation loss 2.2 dB and scintillation loss 0 dB. The evaluation results show that both scintillation loss 2.2 dB and scintillation loss 2.2 dB can satisfy the ITU requirement on spectral efficiency for NTN Self-evaluation.

Table 1: Evaluation results of average spectral efficiency
	DL/UL
	ITU Requirement
	Evaluation Results

	
	
	FRF=1
(2.2 dB Scintillation loss)
	FRF=1
(0 dB Scintillation loss)
	FRF=3
(0 dB Scintillation loss)

	DL
	0.5 bit/s/Hz
	0.7881 bit/s/Hz
	0.812 bit/s/Hz
	0.70295 bit/s/Hz

	UL
	0.1 bit/s/Hz
	0.16376 bit/s/Hz
	0.197 bit/s/Hz
	0.149912 bit/s/Hz



Table 2: Evaluation results of 5th percentile user spectral efficiency
	DL/UL
	ITU Requirement
	Evaluation Results

	
	
	FRF=1
(2.2 dB Scintillation loss)
	FRF=1
(0 dB Scintillation loss)
	FRF=3
(0 dB Scintillation loss)

	DL
	0.03 bit/s/Hz
	0.041 bit/s/Hz
	0.044 bit/s/Hz
	0.050437 bit/s/Hz

	UL
	0.003 bit/s/Hz
	0.00308 bit/s/Hz
	0.00477 bit/s/Hz
	0.007068 bit/s/Hz



Observation 1: For NTN Self-evaluation, the ITU requirement on average spectral efficiency can be satisfied.
Observation 2: For NTN Self-evaluation, the ITU requirement on 5th percentile user spectral efficiency can be satisfied.

User experienced data rate

User experienced data rate is calculated as , where  is 5th percentile user spectral efficiency. Table 3 is the evaluation results of user experienced data rate. The evaluation results show that ITU requirement on user experienced data rate can be satisfied with 0 dB scintillation loss. For NTN Self-evaluation with 2.2 dB scintillation loss, the downlink user experienced data rate is 1.2323 Mbps which can satisfy the ITU requirement; and the uplink user experienced data rate is 92.49 kbps which cannot satisfy the ITU requirement.

Table 3: Evaluation results of user experienced data rate
	DL/UL
	ITU Requirement
	Evaluation Results

	
	
	FRF=1
(2.2 dB Scintillation loss)
	FRF=1
(0 dB Scintillation loss)
	FRF=3
(0 dB Scintillation loss)

	DL
	1 Mbit/s
	1.2323 Mbit/s
	1.32 Mbit/s
	1.513 Mbit/s

	UL
	100 kbit/s
	92.49 kbit/s
	143 kbit/s
	212 kbit/s



Observation 3: For NTN Self-evaluation with 2.2 dB scintillation loss, the ITU requirement on DL user experienced data rate can be satisfied.
Observation 4: For NTN Self-evaluation with 2.2 dB scintillation loss, the ITU requirement on UL user experienced data rate cannot be satisfied.
Observation 5: For NTN Self-evaluation with 0 dB scintillation loss, the ITU requirement on user experienced data rate can be satisfied.

Area traffic capacity

Area traffic capacity  is the total traffic throughput served per geographic area [5], where  equals 1/1415 (based on the agreement in RAN1#114 [6], the beam area of 1415 km2 is assumed),  is the average spectral efficiency derived from Table 1. Table 4 is the evaluation results of area traffic capacity. The evaluation results show that both scintillation loss 2.2 dB and scintillation loss 0 dB can satisfy the ITU requirement on area traffic capacity for NTN Self-evaluation.

Table 4: Evaluation results of area traffic capacity
	DL/UL
	ITU Requirement
	Evaluation Results

	
	
	FRF=1
(2.2 dB Scintillation loss)
	FRF=1
(0 dB Scintillation loss)
	FRF=3
(0 dB Scintillation loss)

	DL
	8 kbit/s/km2
	16.7089 kbit/s/km2
	17.2155 kbit/s/km2
	14.90359 kbit/s/km2

	UL
	1.5 kbit/s/km2
	3.47195 kbit/s/km2
	4.176988 kbit/s/km2
	3.178356 kbit/s/km2



Observation 6: For NTN Self-evaluation, the ITU requirement on area traffic capacity can be satisfied.

3. Conclusions
Based on the discussion in the previous sections, the following observations were made:
Observation 1: For NTN Self-evaluation, the ITU requirement on average spectral efficiency can be satisfied.
Observation 2: For NTN Self-evaluation, the ITU requirement on 5th percentile user spectral efficiency can be satisfied.
Observation 3: For NTN Self-evaluation with 2.2 dB scintillation loss, the ITU requirement on DL user experienced data rate can be satisfied.
Observation 4: For NTN Self-evaluation with 2.2 dB scintillation loss, the ITU requirement on UL user experienced data rate cannot be satisfied.
Observation 5: For NTN Self-evaluation with 0 dB scintillation loss, the ITU requirement on user experienced data rate can be satisfied.
Observation 6: For NTN Self-evaluation, the ITU requirement on area traffic capacity can be satisfied.
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5. Annex
	Parameter
	Value

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

	System bandwidth
	30 MHz

	Subcarrier spacing 
	15 kHz

	Satellite antenna
	Circular, antenna gain 30 dBi

	Frequency re-use factor
	FRF=1 or 3 

	Channel model
	Rural in 38.811 [4]
100% LOS probability and Clear Sky.

	Beam layout 
	According to section 6.1.1.1 in TR 38.821 [3]
19 spot beams, center beam elevation 90 degrees
Adjacent beam spacing 0.0668 (uv-plane).

	Wrap-around mechanism
	For FRF = 1, two additional tiers of beams are considered in the simulation surrounding the 19-beam layout.
For FRF = 3, four additional tiers of beams are considered in the simulation surrounding the 19-beam layout.

	UEs distribution
	100% outdoor distribution for UEs, 10 UEs per beam

	UE speed
	3 km/h

	UE antenna configuration
	(1,1,2), antenna gain 0 dBi

	Traffic model
	Full buffer

	Retransmission delay
	9 (RTT)+4 slot

	CSI feedback
	20 ms periodicity  

	CSI delay
	9 (RTT)+6 slot

	Overhead 
	DL 14%, UL 8%
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