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Introduction
Study item on Self-Evaluation towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology was agreed in RAN#99 [1]. The aim of SI is to provide the description of the self-evaluation results towards IMT-2020 submission to ITU-R WP 4B against the technical performance requirements defined by Report ITU-R M.2514. In this document, our view on the evaluation methodology and simulation conditions are provided based on the discussion in RAN1#112bis-e. 
Conditions for peak spectral efficiency and peak data rate calculation
In RAN1#112bis-e, evaluation assumptions for peak spectral efficiency and peak data rate were discussed. The peak spectral efficiency and peak data rate are defined as the maximum values under ideal conditions in ITU-R M.2514. The discussion point was that in terrestrial networks high SNR can be observed when UE located near the gNB (antenna site), and therefore, highest MCS that is supported by the specification was used for the peak spectral efficiency and peak data rate calculation. On the other hand, in non-terrestrial networks such high SNR may not be achievable because satellite is far from the UE. Therefore, more realistic conditions that can be regarded as “ideal condition” in NTN needs to be defined. 
The following is the working assumption for the conditions of the peak spectral efficiency and peak data rate. 
LEO 600km, 90 degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, 0dB additional losses
In above working assumption, only free space propagation loss was taken into account for the derivation of the achievable SNR. We think this is reasonable assumption for “ideal condition”. 
We have checked whether the peak spectral efficiency and peak data rate requirements are satisfied with these assumptions. According to our link budget calculation based on TR38.821 using LE 600km Set 1 parameters with above modification, DL CNR 17.0 dB and UL CNR 7.1 dB are achievable. Note that in link budget calculation based on TR38.821, only UL CNR depends on the transmission bandwidth. Considering the peak spectral efficiency requirement (1.5 bit/s/Hz) and peak data rate requirement (2Mbps), a reasonable transmission bandwidth is around 1.33 MHz (=2/1.5). Therefore, 1.44MHz (8RB) is assumed here. 
For DL, MCS 25 (64QAM, R=822/1024) can be used. In this case, spectral efficiency 3.67 bit/s/Hz and data rate 110Mbps (with 30MHz BW) are achievable assuming overhead ratio (OH) 0.15. This satisfies the requirements (3 bit/s/Hz and 70Mbps).
For UL, assuming transmission bandwidth 1.44MHz, MCS 13 (16QAM, R=490/1024) can be used. In this case, spectral efficiency 1.58 bit/s/Hz and data rate 2.28Mbps are achievable assuming overhead ratio (OH) 0.076. This satisfies the requirements (1.5bit/s/Hz and 2Mbps).  
Note that the spectral efficiency is calculated based on the following equation as agreed. Overhead ratio (OH) is discussed below. 

Link budget table including achievable spectral efficiency and data rate for DL and UL with various bandwidth is shown in Table 1. 
[bookmark: _Ref134808753]Table 1 Link budget calculation
	
	DL
	UL-0.36MHz
	UL-1.08MHz
	UL-1.44MHz

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00

	Elevation angle [deg]
	90
	90
	90
	90

	Distance [km]
	600
	600
	600
	600

	Bandwidth [MHz]
	30
	0.36
	1.08
	1.44

	TX: EIRP [dBm]
	78.8
	23.0
	23.0
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1
	1.1
	1.1

	Free space path loss [dB]
	154.0
	154.0
	154.0
	154.0

	Atmospheric loss [dB]
	0.0
	0.0
	0.0
	0.0

	Shadow fading margin [dB]
	0.0
	0.0
	0.0
	0.0

	Scintillation Loss [dB]
	0.0
	0.0
	0.0
	0.0

	Polarization loss [dB]
	0.0
	0.0
	0.0
	0.0

	Additional losses [dB]
	0.0
	0.0
	0.0
	0.0

	CNR [dB]
	17.0
	13.1
	8.3
	7.1

	MCS
	25 (64QAM, R=822/1024)
	21 (64QAM, R=616/1024)
	15 (16QAM, R=616/1024)
	13 (16QAM, R=490/1024)

	SE (w/o overhead) [bit/s/Hz]
	4.81
	3.60
	2.40
	1.91

	SE (w/ overhead) [bit/s/Hz]
	3.67
	2.99
	1.99
	1.58

	Data rate (MHz)
	110.0
	1.08
	2.15
	2.28



Observation 1: With LEO 600km, 90 degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, and, 0dB additional losses as in working assumption, the requirements for peak spectral efficiency and peak data rate can be satisfied. 
Proposal 1: For peak spectral efficiency and peak data rate requirement, use the following assumptions to derive the achievable CNR using the link budget template in TR38.821. 
LEO 600km, 90 degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, and 0dB additional losses.

Regarding the overhead, SSB, PDCCH, DMRS and CSI-RS for DL and PUCCH, DMRS and SRS for UL should be taken into account for the peak rate calculation. We propose the following assumptions as a starting point. 
DL: OH=0.15 for 30MHz system bandwidth
SSB: 20RBs x 4 OFDM symbols per 20ms (0.18%)
PDCCH: 1 OFDM symbol per slot (7.1%)
DMRS: 1 OFDM symbol per slot (7.1%)
CSI-RS: 1 RE per RB per slot (0.6%)

UL: OH=0.076 for 30MHz system bandwidth
PUCCH: 2RBs (0.125%)
DMRS: 1 OFDM symbol per slot (7.1%)
SRS: 1 OFDM symbol per 20ms (0.36%)

Proposal 2: SSB, PDCCH, DMRS and CSI-RS for DL and PUCCH, DMRS and SRS for UL should be considered as the overhead for peak spectral efficiency and peak data rate calculation. A reasonable OH value would be 0.15 for DL and 0.076 for UL. 

Remaining issues on simulation assumptions for eMBB SLS
Our view on some of the remaining issues are provided in this section. 
In RAN1#112bis-e, the SLS assumptions in Table 2 was agreed. UE antenna configuration is FFS. According to SLS assumption in TR38.821, UE antenna configuration is (1,1,2) with omni. On the other hand, it was pointed out that up to 4 Rx was assumed for terrestrial IMT-2020 self-evaluation and alignment was preferred. 
We prefer to align the simulation assumptions with TR38.821 as much as possible. 
Proposal 3: UE antenna configuration should be (1,1,2) with omni as baseline. Results for (1,2,2) with omni can also be provided. 
[bookmark: _Ref134911346]Table 2 eMBB SLS parameters (agreement in RAN1#112bis-e)
	Parameter
	Value

	CSI feedback
	20ms periodicity

	Frequency offset
	0ppm

	Frequency drift
	0ppm

	UE speed
	Stationary

	UE antenna configuration
	

	DL CSI measurement
	CQI only (1 layer / 1-port CSI-RS)

	PRB bundling
	wideband

	Codeword (CW)
	SCW

	Transmission scheme
	One layer

	Scheduler
	PF

	Number of HARQ processes
	Up to 32

	HARQ-ACK delay
	N+4

	Retransmission delay
	Larger than RTT, to be reported

	Antenna gain
	0dBi

	Frame structure
	FDD

	PDCCH resource sharing
	To be accounted in overhead

	Overhead
	Same as for peak data rate calculations



In RAN1#112bis-e, the following evaluation scenario was agreed. Handling of regenerative payload was FFS.
· Transparent payload without ISL
· S-band (2GHz)
· LEO-600
· Handheld UEs
Basically, the Rel.17 NTN air interface would support regenerative payload. In the simulation, the difference between transparent payload and regenerative payload is just the difference of RTT, i.e. RTT for regenerative payload is roughly half of the one for transparent payload. The baseline should be transparent payload, but companies can provide, if needed, simulation results with appropriate RTT setting for regenerative payload, e.g. CSI measurement delay, retransmission delay. Some mobility procedure may be impacted by the regenerative payload, but it would not be impact on the evaluation of these performance as such mobility procedure is not modelled.
Conclusion
This contribution provides our view on the simulation assumptions for self-evaluation of IMT-2020 satellite radio interface technology. 
Observation 1: With LEO 600km, 90 degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, and, 0dB additional losses as in working assumption, the requirements for peak spectral efficiency and peak data rate can be satisfied. 
Proposal 1: For peak spectral efficiency and peak data rate requirement, use the following assumptions to derive the achievable CNR using the link budget template in TR38.821. 
LEO 600km, 90 degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, and 0dB additional losses.
Proposal 2: SSB, PDCCH, DMRS and CSI-RS for DL and PUCCH, DMRS and SRS for UL should be considered as the overhead for peak spectral efficiency and peak data rate calculation. A reasonable OH value would be 0.15 for DL and 0.076 for UL. 
Proposal 3: UE antenna configuration should be (1,1,2) with omni as baseline. Results for (1,2,2) with omni can also be provided. 
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