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In NTN network, the Doppler shift can be up to +/-24 ppm [1]. The larger frequency error will be seen for NTN UE initial cell search which leads to synchronization raster ambiguity issue. In this paper, we provide our considerations on the synchronization raster ambiguity in NTN network.
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The Doppler shift of up to +/-24 ppm is added on top of Crystal Oscillator (XO) error which is +/- 5ppm (typical worst case), or 20ppm (worst-worst case where factory calibration is broken, or some low-cost device did not perform factory calibration). Therefore, the total uncertainty becomes +/- 29ppm (typical worst case) or +/-44ppm (worst-worst case). Then the frequency error for different cases can be calculated in below table:
Table 1: frequency error in NTN network
	
	ppm
	Freq error at 2GHz (kHz)
	Freq error at 3GHz (kHz)

	Doppler shift
	24
	48
	72

	XO error (typical worst)
	5
	10
	15

	XO error (worst-worst)
	20
	40
	60

	Doppler shift + XO error (typical worst)
	29
	58
	87

	Doppler shift + XO error (worst worst)
	44
	88
	132



In NTN band, as shown in Figure 1, spacing between adjacent synchronization raster is 100kHz and the GSCN step size is 1.
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Figure 1: GSCN parameters and SS raster in TS 38101-5
Due to large frequency error during initial cell search shown in Table 1, UE cannot unambiguously determine synchronization raster after PSS detection. 
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Figure 2: SS raster ambiguity in PSS detection
Instead, UE will have to try SSS search and PBCH/SIB1 decoding for up to 3 nearby synch raster hypotheses. With wrong synch raster assumption, UE may fail SIB1 decoding. UE can confirm synch raster from absoluteFrequencySSB in SIB1only after correctly decoding SIB1. The example procedure is as following:
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Figure 3: Example procedure for SIB1 decoding due to the SS raster ambiguity

Observation 1: Due to large frequency error during initial cell search, UE cannot unambiguously determine synchronization raster after PSS detection.
Observation 2: UE will have to try SSS search and PBCH/SIB1 decoding for up to 3 nearby synch raster hypotheses which is not efficient for initial cell search in NTN.
Proposal: RAN4 to study and solve the synchronization raster ambiguity issue for NTN network.
Conclusion
In this paper, we provided our considerations on the synchronization raster ambiguity in NTN network. We had the following observations and proposal:
Observation 1: Due to large frequency error during initial cell search, UE cannot unambiguously determine synchronization raster after PSS detection.
Observation 2: UE will have to try SSS search and PBCH/SIB1 decoding for up to 3 nearby synch raster hypotheses which is not efficient for initial cell search in NTN.
Proposal: RAN4 to study and solve the synchronization raster ambiguity issue for NTN network.
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Table 5.4.3.1-1: GSCN parameters for the global frequency raster

Frequency range SS Block frequency position SSrer GSCN Range of GSCN
N * 1200kHz +|M * 50 kHz,
0-3000 MHz N=1:2499 [M ¢ {1.3.5] (Note 1) 3N + (M-3)/2 2-7498

3000 MHz + N * 1.44 MHz 7499 +N
3000 — 24250 MHz N = 0:14756 7499 - 22255

NOTE 1: The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
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Table 5.4.3.3-1: Applicable SS raster entries per operating band

NTN satellite operating SS Block SCS SS Block pattern’ Range of GSCN
band (First — <Step size> —
as
n256 15 kHz Case A 5429 — <1> - 5494
n255 15 kHz Case A 3818 — <1> — 3892
30 kHz Case B 3824 — <1> — 3886
NOTE

SS Block pattern is defined in clause 4.1 in 3GPP TS 38.213 [7].
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