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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK2]In RAN#88, one contribution [1] provided a calculation for the GSCN based on the bandwidth of the SS block. The computation of the bandwidth suggested an offset may be needed for guard band and the first/last subcarrier of the SS block. This contribution inspects the current computation and provides an updated procedure for the computing the frequency ranges used in the determination of the GSCN.
Discussion
Background
The design of the SS block using 15 kHz SCS in a 5 MHz bandwidth should mimic the design of the transmission bandwidth configuration for 15 kHz SCS and 5 MHz channel bandwidth. So examining the subcarrier layout can provide some insights.
An expression for the first and last subcarriers is provided based on the designs of the transmission bandwidth configuration. Let B represent the transmission bandwidth, NRB is the number of RBs, G is the guard band, and f is the subcarrier spacing.
First subcarrier
For the first subcarrier, its location is

where  is the number of REs per RB. See Figure 1 for illustration. Note that since  is always even, the equation simplifies to 

The spacing between the edge of the (lower) guard band and first subcarrier s0 is G-s0. The calculation is applied for several SS block sizes. The results in Table 1 show the spacing between the guard and first carrier is f / 2. Figure 1 illustrates the first subcarrier and the guard.
[bookmark: _Ref524595491]Table 1. Computing the spacing between the first subcarrier and the guard.
	f, kHz
	BW, MHz
	G, kHz
	NRB
	s0, kHz
	Spacing, kHz

	15
	5
	242.5
	25
	250
	7.5

	15
	10
	312.5
	52
	312
	7.5

	30
	10
	665
	24
	680
	15

	30
	20
	805
	51
	306
	15
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[bookmark: _Ref525547067]Figure 1. Location of first subcarrier with respect to center. NRB=2 (guard is depicted in green)
Last subcarrier
For the last subcarrier, sL-1, where , the calculation of its location is

(using the same simplification as above). See Figure 2 for illustration. The spacing between the edge of the (upper) guard band and last subcarrier sL-1 is G–sL–1.
The calculation is applied for several SS block sizes. The results in Table 2 show the spacing between the guard and last carrier is 3f / 2. Figure 2 shows the relationship of the last subcarrier and guard.
[bookmark: _Ref524595598]Table 2. Computing the spacing between the last subcarrier and the guard.
	f, kHz
	BW, MHz
	G, kHz
	NRB
	SL-1, kHz
	Spacing, kHz

	15
	5
	242.5
	25
	4735
	22.5

	15
	10
	312.5
	52
	9665
	22.5

	30
	10
	665
	24
	9290
	45

	30
	20
	805
	51
	19150
	45
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[bookmark: _Ref525547363]Figure 2. Location of last subcarrier with respect to center. NRB=2  (guard is depicted in green)
Observation 1: there is more spacing between the last RE and the guard band than between the first RE and the guard band.
SS block
Lower edge
Based on the spreadsheet and corresponding TR [2] that the calculation for the beginning (fbeg) and end (fend) of the SS block with respect to the center of the SS block appears to exclude the half subcarrier. 
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Figure 3. Location of first subcarrier with respect to center. NRB=2 (guard is depicted in green)
In the spreadsheet, the center of the SS block, fc, can be expressed as a function of the band edge flow, guard G, and number of subcarriers, :

To be consistent with the previous section, the center should be

Upper edge
The calculation for the upper band edge is represented in Figure 4
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[bookmark: _Ref525549305]Figure 4. Location of first subcarrier with respect to center. NRB=2 (guard is depicted in green)
In the spreadsheet, the center of the SS block can be expressed as a function of the band edge fhigh, guard, and number of subcarriers:

Again, to be consistent with the previous section, the center should be

Where w=1 (for minimal BW) or 3 (for consistency). 
Observation 2: The calculation for the beginning and end of the SS block with respect to the center of the SS block is not consistent with the transmission bandwidth.
Proposal 1. The spacing between the last subcarrier and the guard should be either one-half or three halves of a subcarrier.
Resolution
To be consistent with the design procedures for the transmission channel, the frequency calculations for the GSCN should be modified. Specifically, the lowest frequency for the GSCN in a band should be based on 

where Flow is the lower frequency of the band. Similarly, the highest frequency for the GSCN in a band should be based on (assuming three halves)

Proposal 2: The frequency range calculation for the GSCN should be revised to account for the subcarrier spacing between the guard band and the first/last subcarrier of the SS block.
The impact of the revised calculation is minor because the GSCN location must be aligned to the global raster. The draft CR captures the changes in the calculation on the existing tables in 38.104 and 38.101-1. In addition, the technical report must be modified
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution examines the procedure used for subcarrier locations in the transmission bandwidth.
Observation 1: there is more spacing between the last RE and the guard band than between the first RE and the guard band.
Based on the procedure and the existing procedure for the GSCN calculation, it was observed.
Observation 2: The calculation for the beginning and end of the SS block with respect to the center of the SS block is not consistent with the transmission bandwidth.
As a result,
Proposal 1. The spacing between the last subcarrier and the guard should be either one-half or three halves of a subcarrier.
Proposal 2: The frequency range calculation for the GSCN should be revised to account for the subcarrier spacing between the guard band and the first/last subcarrier of the SS block.
References
[bookmark: _Ref520097642][bookmark: _Ref523929631][bookmark: _GoBack]R4-1810207, “n41 sync raster entries”, MediaTek, RAN4#88, Aug. 20-24, 2018.
[bookmark: _Ref523917326][bookmark: _Ref523929609][bookmark: _Ref520098038]38.817-01

