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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) and satellite nodes in NR can be important components of 5G. The deployment of non-terrestrial networks (NTNs) is highly different from that of terrestrial networks, which can cause impacts on standard specifications. A study item “Solutions for NR to support Non Terrestrial Network” has been approved [1], and the objectives are as follows.

Physical layer

Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 

· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
The agreements regarding link level and system level calibrations and evaluations are listed in the appendix. In this contribution, we will present link level and system level calibration and evaluation results.
2. LLS results
2.1  Downlink synchronization

This section presents the link-level simulation results for DL synchronization, with respect to the cell ID detection performance for a considered SNR range. The intention of this set of simulations is to study the impact of frequency offset on initial cell search in NTN, wherein the frequency offset is contributed from initial CFO and Doppler shift from both satellite and UE sides. Comparing to the NR Rel-15 terrestrial communication scenarios, the Doppler shift could be much larger in certain NTN scenarios, mainly due to the fast movement of satellite, and the most typical scenario of LEO-600 (e.g. LEO with altitude as 600 km) in S-band, which has the largest Doppler shift in term of ppm, is selected as the simulation scenario. The detailed simulation assumptions can be found in Table 1. 
Table 1 LLS evaluation settings for LEO-600

	Carrier Frequency
	2 GHz

	Channel Model
	CDL-C for NTN (according to TR 38.811)

	Subcarrier Spacing
	15 kHz, 30 kHz

	Carrier BW
	10 MHz

	Antenna Configuration at the TRP
	1 TX

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	UE Speed
	3 km/h

	Frequency Offset 
	- UE crystal accuracy: uniform [-10, 10] ppm

- Satellite oscillator accuracy: uniform [-0.5, 0.5] ppm

- Doppler shift in channel due to satellite movement: 1.05 ppm with compensation, 24 ppm without compensation

- Doppler shift in channel due to UE movement: computed based on the UE speed and the elevation angle

	FAR Requirement
	1%

	Detector Algorithm
	Non-coherent detector with hypotheses testing in frequency domain and sliding window in time domain


Figure 1 shows the one-shot cell ID detection performance from joint PSS and SSS detection, with respect to different SCS of SS/PBCH block and whether pre-compensation of Doppler shift is applied or not. It can be observed that there is a remarkable performance degradation in the cell ID detection accuracy if compensating the Doppler shift is not performed, if no enhancement to the detector is performed (e.g. assuming similar frequency range for detection to NR Rel-15); and the cell search performance can be recovered by using a high-complexity detector, wherein the high-complexity detector is with a much larger frequency range for hypothesis testing, comparing to the low-complexity detector.   

Observation 1: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector. 
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Figure 1 One-shot cell ID detection accuracy with and without pre-compensation.
3. SLS results 

This section mainly presents coupling loss and geometry SINR for both LEO-600 and LEO-1200 systems in 2 GHz. The simulation settings for LEO-600 can be found in Table 3 and Section 5.
Table 3 SLS evaluation settings for LEO-600
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	2 m

	Satellite EIRP density
	
	34 dBW/MHz

	Satellite Tx max Gain
	
	30 dBi

	Satellite beam diameter (Note 2)
	
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

(i.e. 2 GHz)
	2 m

	G/T
	
	1.1 dB K-1

	Satellite Rx max Gain
	
	30 dBi


Figure 3 illustrates CDFs of coupling loss and geometry SINR in the LEO-600 rural scenario. The median of coupling loss is -124.71 dB and the 5% coupling loss is -126.54 dB. The median of geometry SINR is –3.57 dB and the 5% geometry SINR is -6.12 dB. 
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	Figure 3 CDFs of coupling loss (left) and geometry SINR (right) in LEO-600 rural


The simulation settings for LEO-1200 can be found in Table 4 and Section 5.

Table 4 SLS evaluation settings for LEO-1200

	Satellite orbit
	LEO-1200

	Satellite altitude
	1200 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	2 m

	Satellite EIRP density
	
	40 dBW/MHz

	Satellite Tx max Gain
	
	30 dBi

	Satellite beam diameter (Note 2)
	
	90 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

(i.e. 2 GHz)
	2 m

	G/T
	
	1.1 dB K-1

	Satellite Rx max Gain
	
	30 dBi


Figure 4 depicts CDFs of coupling loss and geometry SINR in the LEO-1200 rural scenario. The median of coupling loss is -130.55 dB and the 5% coupling loss is -133.36 dB. The median of geometry SINR is -4.04 dB and the 5% geometry SINR is -6.69 dB.
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	Figure 5 CDFs of coupling loss (left) and geometry SINR (right) in LEO-1200 rural


The main observations of these results are that typical geometry SINR in NTN LEO is approximately 9 dB worse than conventional terrestrial networks. 
Observation 2: Typical geometry SINR in NTN LEO is approximately 10 dB worse than conventional terrestrial networks.
Proposal 1: Capture the SLS results in TR 38.821. 

4 Template for DL synchronization LLS results
For DL synchronization LLS, it was agreed to report one-shot initial cell detection accuracy of PCID, and CDF of timing and frequency residual offset at SNR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID. We propose to use the following template to capture companies’ LLS results in TR 38.821. 
Proposal 2: Adopt the following template to capture companies’ LLS results for DL synchronization in TR 38.821. 

	Source X

Carrier frequency: [2 GHz or 20 GHz]; 

Satellite type: [GEO or LEO at 600 km or LEO at 1200 km]; 

Channel model: [TDL or CDL model]; 

SCS of SSB: [15 kHz or 30 kHz or 120 kHz or 240 kHz]; 

UE speed: [3 km/h or 0 km/hr or 1000 km/h];

Frequency offset: [with or without Doppler shift pre-compensation];

[Any other evaluation assumption company would like to clarify].

	SNR (dB)
	PCID accuracy
	CDF (%)
	timing residual offset (# samples)
	CDF (%)
	frequency residual offset (ppm)

	-10
	
	0
	
	0
	

	-9
	
	10
	
	10
	

	-8
	
	20
	
	20
	

	-7
	
	30
	
	30
	

	-6
	
	40
	
	40
	

	-5
	
	50
	
	50
	

	-4
	
	60
	
	60
	

	-3
	
	70
	
	70
	

	-2
	
	80
	
	80
	

	-1
	
	90
	
	90
	

	0
	
	100
	
	100
	


5 Conclusions
In this contribution, we have presented both link-level and system-level simulation results for NTN and we have the following observations and proposal.
Observation 1: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector. 
Observation 2: Typical geometry SINR in NTN LEO is approximately 9 dB worse than conventional terrestrial networks.
Proposal 1: Capture the SLS results in TR 38.821. 

Proposal 2: Adopt the following template to capture companies’ LLS results for DL synchronization in TR 38.821. 

	Source X

Carrier frequency: [2 GHz or 20 GHz]; 

Satellite type: [GEO or LEO at 600 km or LEO at 1200 km]; 

Channel model: [TDL or CDL model]; 

SCS of SSB: [15 kHz or 30 kHz or 120 kHz or 240 kHz]; 

UE speed: [3 km/h or 0 km/hr or 1000 km/h];

Frequency offset: [with or without Doppler shift pre-compensation];

[Any other evaluation assumption company would like to clarify].

	SNR (dB)
	PCID accuracy
	CDF (%)
	timing residual offset (# samples)
	CDF (%)
	frequency residual offset (ppm)

	-10
	
	0
	
	0
	

	-9
	
	10
	
	10
	

	-8
	
	20
	
	20
	

	-7
	
	30
	
	30
	

	-6
	
	40
	
	40
	

	-5
	
	50
	
	50
	

	-4
	
	60
	
	60
	

	-3
	
	70
	
	70
	

	-2
	
	80
	
	80
	

	-1
	
	90
	
	90
	

	0
	
	100
	
	100
	


6 References
[1] RP-190710, "Study on solutions for NR to support non-terrestrial networks (NTN)", Thales, Mar. 2019.
[2] ONE5G D2.1, "Scenarios, KPIs, use cases and baseline system evaluation ", H2020-ICT-2016-2, June 2017.
[3] 3GPP T. R. 38.811, "Study on New Radio (NR) to support non terrestrial networks " V15.0.0, June 2018.
[4] R1-1904438, Uplink timing advance/RACH procedure and initial access, Samsung, Apr. 2019.
[5] ITU-R S.2361-0, Broadband Access by Fixed-Satellite Service Systems, June 2015.
[6] ITU-R M.2047-0, Detailed specifications of the satellite radio interfaces of International Mobile Telecommunications-Advanced, Dec. 2013.
7 Appendix

More evaluation settings for SLS in this contribution are summarized as follow. 

	Configuration scenario
	C2 and D2

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

	Maximum Bandwidth per beam (DL + UL)
	S-band : DL 30 MHz and UL 30 MHz

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table X.1 and Table X.2 

	Satellite antenna pattern
	TR 38.811 section 6.4.1 Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation : See Table X.4

	Frequency re-use factor
	Option 1 : 1
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	Polarization re-use
	Option 1 : Disable 

	Deployment scenarios
	Base-line : Rural

	Propagation conditions
	Base-line : Clear Sky

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Base-line : at least X=10 UEs per beam with uniform distribution in all the beams

	UE configuration
	S-band :

· Handheld (optional for scenario A)

See Table X.3

	UE orientation
	Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line : Coupling loss, Geometry

Note : Coupling loss is defined as the signal loss from the antenna port to the antenna port


Wrapped around in the single satellite simulation is done by considering the wrapped interference as shown in Figure 4. In Figure 4, a point P suffers two interference links from Beam A. The conventional interference link (red dash arrow) is from the beam leakage, which can be computed using the coordinates of P and beam pattern of Beam A. In addition, the wrapped interference link (red solid arrow) mimics the interference from the Beam A of an adjacent satellite. The wrapped interference can be computed by first mapping point P to the wrapped location P’ and then calculating the interference power using the coordinates of P’ and beam pattern of Beam A. The same procedure is performed in all beams in the satellite for any point in the area of interest. 

[image: image7.png]



Figure 4 Diagram of wrapped around in single satellite simulation

