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Introduction
As agreed in [1] the synch raster agreement are summarized as below:
	· GSCN: The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present. 
· SS location: A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. The GSCN are numbered in increasing frequency order.  
· Granularity of global SS raster:
	Frequency range
	SS block frequency position SSREF
	Range of GSCN

	0 – 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832]

	2400 – 24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]

	24250 – 100000 MHz
	[24250.08]MHz+ N*[17.28]MHz, N= 0:[4383]
	[24007 – 28390]


· Band specific SS raster:
· For FR1 <2.6GHz: Raster entry=N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
· Raster applies to bands with 100kHz channel raster and 15kHz channel raster with 5MHz minimum bandwidth
· For 10MHz minimum channel bandwidth a down selection factor of [6]
· For FR1>2.4GHz:2400MHz+N*1.44MHz,N= 0:[15173]
· Raster applies to bands with 15kHz channel raster and 10MHz minimum bandwidth
· For 10MHz minimum channel bandwidth and 15kHz SS block SCS a down selection factor of [3] is applied
· For 40MHz minimum channel bandwidth and 30kHz SS block SCS a down selection factor of [21]
· For FR2: Raster entry=[24250.08] MHz+ N*[17.28]MHz
· Raster applies to bands with 60kHz channel raster in this frequency range
· For 100MHz minimum channel bandwidth and 240kHz SS block SCS a down selection factor of [2]


Based on above agreement and assumption, start position and end of position of candidate SS channels (initial cell search only) for each band can be calculated corresponding SS raster and global GSCN. In this contribution, further discussion and calculation were carried for the GSCN of each operating band.
Discussion
SS frequency location and corresponding number GSCN for initial cell search without system assist information were defined and numbering as globally covering all frequencies based on SS raster in different frequencies ranges. As in show in figure 1, 
· For 0~2650MHz with 100kHz channel raster, SS raster as 900kHz with 3 times shift; SS_REF = ceil(GSCN/3)*900kHz + (mod(GSCN-1,3)-1)*5kHz
· [bookmark: OLE_LINK20]For 2.4GHz ~24.250GHz, SS raster as 1.44MHz for 15kHz channel raster, SS_REF=(GSCN-8833)*1.44MHz+2400MHz
· For 24.250GHz above, SS raster as 17.28MHz for 60 kHz channel raster, SS_REF=(GSCN-24007)*17.28MHz+24250MHz
[image: ]
Then for each operating band, possible SS block positions and corresponding GSCN can be calculated based on frequency ranges, minimum channel bandwidths and default SCS for SS block. For specific band, when determining corresponding GSCN, following mapping rules can be used:
· Start of SS_REF>= F_start+ F-offset
· End of SS_REF <=F_end-F-offset
F_start and F_end present the start and of end of frequency ranges for certain band, SS_BW corresponding to bandwidth of SS/PBCH block:
· F-offset = SS_BW/2+Guardband of minimum CHBW =20RB*12*SCS/2+ Guard band of minimum CHBW
According SCS of SS block, SS_BW can be calculated as below:
· 15kHz SCS: with minimum BW 5MHz: F-offset =4.085MHz/2; with minimum BW 10MHz: F-offset = 4.225MHz/2
· 30kHz SCS: with minimum BW 10MHz: F-offset = 8.490MHz/2; with minimum BW 40MHz:F-offset = 9.010MHz/2
· 120kHz SCS: with minimum BW 50MHz:F-offset =32.60 MHz/2
· 240kHz SCS: with minimum BW 100MHz:F-offset=65.20MHz/2 (assume same SU as the case of 50MHz,120kHz)
Observation1: When determining proper range of GSCN for certain band,  not only all possible SS raster locations should be within the frequency ranges of such band, meanwhile corresponding whole SS/PBCH block need to be inside of frequency ranges with enough guard band.
Taking band n1 as example, as show in figure 2 below, SS raster with GSCN=7033 is inside of frequency ranges of such band, however the whole SS/PBCH transmission block exceeds of low bound of this band. The first SS block which whole transmission bandwidth inside of band n1 is SS raster with GSCN = 7039. On the upper bound of band N1, SS raster with GSCN=7224 is full inside of band n1. Based on above analysis, the valid GSCN for band n1 is 7039~7224.
[image: ] 
Then when UE perform initial cell search in band n1, UE will follow the predefined GSCN range in the specs for band n1 to blind detect SS transmission among all the valid candidate SS block locations in frequency domain.

Followed above principles, we do further mathematical analysis for GSCN mapping tables of all the bands defined in Table 5.4.3.3-1 (FR1) and 5.4.3.3-2 (FR2) in TS 38.104(corresponding table 5.4.3.3-1 in TS38.101-1 and TS38.101-2). 
As summarized in below table 1 and table 2 for FR1 and FR2, we observed some differences between defined values of GSCN and our analysis:
Observation 2: For FR1, GSCN ranges of bands need to be corrected to ensure the whole transmission bandwidth of SS blocks inside of frequency ranges of corresponding band as summarized in table 1.
Observation 3: For band n66, in LTE upper bound 2180~2200MHz can only be used as SDL, which means cannot be deployed as SA. Further clarification needed whether in NR such frequency range can be used for SA or not.
Observation 4: band n75, n76 are SDL band, which cannot be deployed by SA.
Observation 5: For band 41, with 10MHz minimum channel bandwidth and 15kHz SS SCS, SS raster is 3 times of basic SS raster (step size =3)
Observation 6: For band 41, with 40MHz minimum channel bandwidth and 30kHz SS SCS, SS raster is 21 times of basic SS raster (step size =21)
Observation 7: For FR2, GSCN ranges are not insistent with frequency ranges of bands. 
	NR Operating Band
	SS  Block SCS
	Range of GSCN in 38.104
(First – <Step size> – Last)
	Range of GSCN (proposed)
(First – <Step size> – Last)

	n1
	15kHz
	7033 – <1> –  7224
	7039-<1>-7224

	n2
	15kHz
	6433 – <1> –  6624
	6439 – <1> –  6624

	n3
	15kHz
	6016 – <1> –  6258
	6022 – <1> –  6258

	n5
	15kHz
	2896 – <1> –  2973
	2902 – <1> –  2973

	
	30kHz
	2911 – <1> –  2961
	2911 – <1> –  2964

	n7
	15kHz
	8734 – <1> –  8958
	8988 – <1> –  9032

	n8
	15kHz
	3082 – <1> –  3192
	3091 – <1> –  3192

	n20
	15kHz
	2635 – <1> –  2730
	2644 – <1> –  2727

	n28
	15kHz
	2527 – <1> –  2670
	2533 – <1> –  2667

	n38
	15kHz
	8566 – <1> –  8724
	8953– <1> –  8984

	n41
	15kHz
	8899 – <1> –  9030
	8902 – <3> –  9031

	n50
	15kHz
	4774 – <1> –  5049
	4780 – <1> –  5049

	n51
	15kHz
	4756 – <1> –  4764
	4762 – <1> –  4764

	n66
	15kHz
	7033 – <1> –  7326
	[bookmark: OLE_LINK1]7039 – <1> –  7257 (7326)  Note1

	
	30kHz
	7048 – <1> –  7317
	7048 – <1> –  7251(7317) Note 1

	n70
	15kHz
	6649 – <1> –  6726
	6655 – <1> –  6726 Note 3

	n71
	15kHz
	2056 – <1> –  2166
	2062 – <1> –  2166

	n74
	15kHz
	4915 – <1> –  5052
	4924 – <1> –  5052

	n75
	15kHz
	4774 – <1> –  5049
	4780 – <1> –  5049 N/A Note2

	n76
	15kHz
	4756 – <1> –  4764
	4762 – <1> –  4764 N/A Note2

	n77
	30kHz
	[bookmark: OLE_LINK2]9460 – <1> –10079
	[bookmark: OLE_LINK3]9461 – <1> –10080

	n78
	30kHz
	9460 – <1> –  9801
	9461 – <1> –9802

	n79
	30kHz
	10245 - <1> -  10613
	10226 - <21> -  10625

	Note 1: for band 66 in LTE, frequency range of 2180~2200MHz only used for SDL, which cannot be deployed by SA.
Note 2: band n75, n76 are SDL band, which cannot be deployed by SA.
Note 3: Further clarification may be needed for band 70, for DL operation on 2010MHz~2020MHz




	NR Operating Band
	SS Block SCS
	Range of GSCN in 38.104
(First – <Step size> – Last)
	Range of GSCN (proposed)
(First – <Step size> – Last)

	n258 
	120 kHz
	24057 – <1> –  24243
	24008 – <1> –  24194

	n257 
	120 kHz
	24188 – <1> –  24358
	24139 – <1> –  24309

	
	240 kHz
	24190 – <2> –  24356
	24140 – <2> –  24308

	n260 
	120 kHz
	24795 – <1> –  24966
	24746 – <1> –  24917

	
	240 kHz
	24797 – <2> –  24964
	24747 – <2> –  24915



Conclusion
In this contribution we further analyze the sync raster as have below observations:
Observation 1: When determining proper range of GSCN for certain band,  not only all possible SS raster locations should be within the frequency ranges of such band, meanwhile corresponding whole SS/PBCH block need to be inside of frequency ranges with enough guard band.
Observation 2: For FR1, GSCN ranges of bands need to be corrected to ensure the whole transmission bandwidth of SS blocks inside of frequency ranges of corresponding band as summarized in table 1.
Observation 3: For band n66, in LTE upper bound 2180~2200MHz can only be used as SDL, which means cannot be deployed as SA. Further clarification needed whether in NR such frequency range can be used for SA or not.
Observation 4: band n75, n76 are SDL band, which cannot be deployed by SA.
Observation 5: For band 41, with 10MHz minimum channel bandwidth and 15kHz SS SCS, SS raster is 3 times of basic SS raster (step size =3)
Observation 6: For band 41, with 40MHz minimum channel bandwidth and 30kHz SS SCS, SS raster is 21 times of basic SS raster (step size =21)
Observation 7: For FR2, GSCN ranges of bands need to be corrected to ensure the whole transmission bandwidth of SS blocks inside of frequency ranges of corresponding band as summarized in table 2.
Reference
[1] R4-1714514, WF on SS Raster for NR
[2] TS 38.104 15.0.0
[3] TS 38.101-1 15.0.0
[4] TS38.101-2 15.0.0
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