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Over the last several meetings, there were many contributions and discussions about the synchronization raster. The way forward in [1] captured the process of computing the GSCN with an excel spreadsheet. As the discussion to examine different shift values continues [3], the computation of the GSCN needs to be refined to accommodate the shift values. This paper illustrates the refinement as well as fixing a frequency band error in [2]. 
Revisions
In Table 5.4.3.3-1 of [2], the upper range for the GSCN in band n38 is incorrect. The reason is the incorrect frequency value is entered in the spreadsheet in [1] and that has propagated to [2]. Specifically, in row 49 of the spreadsheet, the upper DL limit of band n38 is listed as 2690 MHz. However, in Table 5.2-1, the DL limit of band n38 is listed as 2620 MHz. The proposed value is indicated below.
Table 1. Suggested values n38 (upper value)
	Band
	bandlow
	bandhigh
	SCS, kHz
	
	fmax in question
	GSCN

	n38
	2570
	2620
	15
	0.2425
	2617.9725
	8724 (N=2908, M=1)



Proposal 1. The GSCN for band n38 needs a revision to correct a frequency band error. The suggested value is 8724.
GSCN calculation
Background
The way forward in [1] captured the process of computing the GSCN with an excel spreadsheet. As the shift value is being finalized, the spreadsheet formula needs revision to account for the larger shift values. This section generalizes the computation in the spreadsheet and proposes minor updates.
For a given band, the GSCN is computed based on the band edge, the size of the synchronization signal block (SSB), and the guard band. The GSCN indicates the center of the SSB. For the lower band, the lowest frequency location for the center of the GSCN (fmin) is
		(1)
where bandlow is the lowest frequency of the band,  is the subcarrier spacing,  is the number of REs per RB,  is the number of RBs in the SSB, and  is the size of the guard band for the subcarrier spacing and the minimum bandwidth. A similar formula is used for the upper band (fmax). 
		(2)
where bandhigh is the upper frequency of the band. 
Problem observed
Several values in Table 5.4.3.3-1 are not be correct when the shift size  becomes larger, as listed below. For this example,  is 70 kHz. Table 2 identifies the GSCN of interest. For bands n8, n20, and n28, there are additional candidates for the GSCN. For band n70, the GSCN causes the SSB to exist in the guard band.
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	Band
	bandlow
	bandhigh
	SCS, kHz
	
	fmin/fmax in question
	GSCN
	Freq, MHz
	Suggested GSCN
	Sug. Freq, MHz

	n8
	925
	960
	15
	0.2425
	927.0425
	3091 (N=1031, M=-1)
	927.83
	3090 (N=1030, M=1)
	927.07 

	n20
	791
	821
	15
	0.2425
	818.9725
	2727 (N=909, M=1)
	818.17
	2728 (N=910, M=-1)
	818.93

	n28
	758
	803
	15
	0.2425
	800.9725
	2667 (N=889, M=1)
	800.17
	2668 (N=890, M=-1)
	800.93

	n70
	1995
	2020
	15
	0.2425
	1997.0425
	6655 (N=2219, M=-1)
	1997.03
	6656 (N=2219, M=0)
	1997.1



Observation. Although the GSCN calculation is correct for most bands, there are some discrepancies to be resolved.
The next section derives the calculation for the GSCN to rectify these discrepancies.
Derivation of GSCN
Section 5.4.3.1 of [2] indicates the parameters for computing the GSCN, as indicated in Table 5.4.3.1-1. Table 3 captures those parameters.
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	Frequency range
	, MHz
	, MHz
	, MHz
	

	0 – 2700 MHz
	0
	0.9
	0.07
	-1, 0, 1

	2400 – 24250 MHz
	2400
	1.44
	0
	0

	24250 – 100000 MHz
	24250.08
	17.28
	0
	0



Minimum value of GSCN (basic)
The formula for finding GSCNmin is to find the set of N and M that satisfies 
		(3)
For rows 2 and 3 of Table 3, M is not used. Thus the calculation for the N indicating GSCNmin is

In this case, a ceiling function is adequate. 

Maximum value of GSCN (basic)
Similarly, for GSCNmax, the relationship is
		(4)
Likewise for rows 2 and 3 of Table 3, M is not used. Thus the calculation for the N indicating GSCNmax is

In this case, a floor function is adequate. 

Revised calculation for minimum value of GSCN 
For row 1 of Table 3, M is used. The resulting integer programming problem is

Because there are three values for M, there are 3 possible values for Nmin (NM for M {-1, 0, 1})



However, since N1 is the smallest value, it should be used to determine M.
		(5)
Note that the spreadsheet uses N1 but only uses M=1 instead of solving the minimization problem.
Revised calculation for maximum value of GSCN 
A similar process for the maximum value is followed. 



Since N-1 is the smallest value, it should be used to determine M, as shown

Note that the spreadsheet uses N-1 but only uses M=1 instead of solving the maximization problem.
Summary for revised calculation of GSCN 
Table 4 captures the revised formulas to compute the GSCN. The computation for M uses minimum and maximum in order to ensure the values of 1, 0, and -1 are used.
Proposal 2. The generalized formula in the table should be used for GSCN computation.
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	GSCNmin
	GSCNmax

	
	

	
	



Relationship of GSCN and global frequency raster
The synchronization raster is located on the global frequency raster. To determine the relationship between the GSCN and ARFCN, first equate the two relationship
		(6)
Re-expressing the equation as
		(7)
The parameters and simplification of (7) are listed in Table 5 and Table 6.
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	i
	Range, MHz
	, MHz
	, kHz
	
	, MHz
	, kHz
	, kHz

	0
	0 – 2700
	0
	5
	0
	0
	900
	70

	1
	2400 – 3000
	0
	5
	0
	2400
	1440
	0

	2
	3000 – 24250
	3000
	15
	600000
	2400
	1440
	0

	3
	24250 – 100000
	24250.08
	60
	2016667
	24250.08
	17280
	0



Proposal 3: The table below expresses the relationship between the ARFCN and parameters of the GSCN.
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	I
	Range, MHz
	
	N
	M

	0
	0 – 2700
	
	0 - 3000
	-1, 0, 1

	1
	2400 – 3000
	
	0 - 416
	-

	2
	3000 – 24250
	
	417 - 15173
	-

	3
	24250 – 100000
	
	0 - 4383
	-



Conclusion
This contribution identified a band error in Table 5.4.3.3-1 of TS38.104.
Proposal 1. The GSCN for band n38 needs a revision to correct the frequency band error. The suggested value is 8724.
The following observation was made.
Observation. Although the GSCN calculation is correct for most bands, there are some discrepancies to be resolved.
In addition, the contribution generalized the computation for N and M.
Proposal 2. The generalized formula in the table should be used for GSCN computation.
Formulas to compute the minimum and maximum values of GSCN
	GSCNmin
	GSCNmax

	
	

	
	



Proposal 3: The table below expresses the relationship between the ARFCN and parameters of the GSCN.
	Range, MHz
	 for ARFCN
	N for GSCN
	M for GSCN

	0 – 2700
	
	0 - 3000
	-1, 0, 1

	2400 – 3000
	
	0 - 416
	-

	3000 – 24250
	
	417 - 15173
	-

	24250 – 100000
	
	0 - 4383
	-
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