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1 Introduction
In [1], the following satellite parameters have been agreed for system simulation with small beam diameter is smaller to support high throughput use cases. On the other hand, high speed UEs (e.g., airplane) are to be supported with velocity up to 1000km/h.
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786km
	1200 km
	600 km

	Satellite beam diameter
	S- band
	300km
	150 km
	70 km

	Satellite beam diameter
	Ka-band
	130km
	40 km
	20 km


In this contribution, performance evaluation for DL synchronization based on SSB in NTN has been conducted to verify the validity of current design.

2 Discussion on initial synchronization 

According to NR design, to correctly detect the system information from gNB in either initial cell search or cell re-selection procedure, a UE will continuously monitor the SSB from the target cell and achieve the initial time/frequency synchronization. Within each of SSB, corresponding PSS, SSS and PBCH are allocated cross 4 symbols consecutively in the time domain and for covering the cases with different frequency drift (relative to the center frequency), the SCS of SSB can be 15kHz/30kHz in FR1 and 120 kHz/240kHz in FR2.  

For the reception of SSB, normally, the time domain synchronization will achieved by detection of PSS and SSS via sliding correlation operation in time domain. And for frequency domain, the frequency offset can be mainly tuned via two steps for the integral and fractional part (i.e., the frequency offset is normalized with respect to the subcarrier spacing and decomposed into integral frequency offset and fractional frequency offset), respectively. More specifically, coarse synchronization for the integral offset can be estimate by frequency sweeping around the sync-raster and further refinement on the fractional part can be done by the joint detection via PSS and SSS.
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Figure 1 Illustration of the coverage of beam within single satellite

Comparing to the terrestrial network, the frequency drift for initial synchronization is mainly determined by movement of satellite (e.g., 7.5km/h). Then, in this case, whether the current design of SSB is still robust for the initial synchronization and residual frequency/time offset after initial synchronization are tolerable or not should be further studied since it will have significant impacts on design of random access, including preamble format and related procedure. Meanwhile, impacts from the high speed UE with velocity of 1000km/h and imperfect local oscillator at the both UE and satellite sides also considered to emulate the worst case for frequency offset with following performance metric:

· PSS detection rate: to show whether NR SSB is robust enough in NTN scenario with large Doppler frequency offset
· Residual frequency/time offset after successful detection of NR SSB, which has significant impacts on design of random access, including preamble format and related procedure. 
Moreover, in NTN system as illustrated in Figure 1, in general, a satellite has multiple beams with different elevation angles for the UE within the corresponding coverage. More specifically, Beam-0 has a maximum elevation angle and Beam-K has a minimum elevation angle (e.g., 10 degree).  Since the Doppler frequency offset at nadir is zero, the maximum Doppler frequency offset is experienced by UE at the edge of Beam 0 (the nadir beam). For evaluating the performance of worst case, the UE at edge of Beam 0 is chosen with detailed simulation assumptions can be found in Table 1.
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	(a) fc=2GHz, SCS=15kHz, UE LO fo=5ppm
	(b) fc=2GHz, SCS=15kHz, UE LO fo=20ppm


Figure 2 Illustration of PSS detection rate
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	(b) fc=2GHz, SCS=15kHz, UE LO fo=5ppm
	(b) fc=2GHz, SCS=15kHz, UE LO fo=20ppm


Figure 3 Illustration of the residual FO (normalized by SCS)
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	(c) fc=2GHz, SCS=15kHz, UE LO fo=5ppm
	(b) fc=2GHz, SCS=15kHz, UE LO fo=20ppm


Figure 4 Illustration of residual TO (Normalized by Ts)

Based on the results shown in Figure 2, it can be found that the detection rate (successful) for the PSS is reasonable for the UE within both lower and higher SNR region. More specific, for the UE with SINR >-6, the ioint PSS and SSS detection false alarm rate are less than 1%, which can satisfy the requirement for SSB evaluation for NR celluar system [2].
The residual Doppler shift offset and the delay are shown in Figure 3 and Figure 4, respectively. It can be found that except for the fine timing synchronization, based on the SSB, the UE is able to estimate the large frequency shift due to the movement of satellite with the remaining offset less than 0.01 SCS.
Observation 1: The performance based on NR SSB design satisfies the requirements for DL synchronization.

Observation 2: Estimation of the large frequency offset can be achieved in NTN based on the NR SSB design.
Proposal 1: The design of existing NR SSB can be reused for NTN.
3 Conclusions
In this contribution, performance evaluation based on NR SSB with consideration of the characteristic of NTN has been done with following observation and proposal:

Observation 1: The performance based on NR SSB design satisfies the requirements for DL synchronization.

Observation 2: Estimation of the large frequency offset can be achieved in NTN based on the NR SSB design.
Proposal 1: The design of existing NR SSB can be reused for NTN.
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Appendix

Table 1 Simulation assumption for the evaluation of DL synchronization

	Satellite type
	LEO

	Orbit altitude
	600km

	Beam diameter
	70km

	Carrier frequency fc
	2GHz

	Reference signal
	NR SSB

	Subcarrier spacing
	15kHz

	Channel model
	AWGN

	UE velocity
	1000km/h

	UE LO imperfect
	5ppm/20ppm

	Antenna assumption
	2-Rx at UE side 

single antenna at gNB side
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