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1 Introduction
The agreements in the LS [1] from RAN1 on the NR minimum carrier bandwidth and SS block numerology were:
· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
· X=20 
· Y=2*(24-X) 
· Same mapping rule(frequency-first, time-second) for data and DMRS is applied
· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 
· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)
· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS
· After initial cell selection, the UE is expected to find a single SCS per frequency layer
· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB
According to the RAN1's LS, the PBCH RB number has been corrected to 20RB. Since the PBCH RB size will impact the sync raster and the previous calculations were based on 24RB, therefore the calculation on the sync raster need to be updated .  
In this contribution, we provide some further discussions on sync raster for NR.
2 Discussion
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK15][bookmark: OLE_LINK16]2.1 maximum sync raster
As discussed in previous meetings, the principle of down selecting the channel raster for sync raster was adopted, which is illustrated in Fig. 1.
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Fig. 1: sync raster down selection
As stated in [2], the SS block may be located anywhere within the channel and the SS block numbers in the minimum channel bandwidth is depended on the implementation. We assume that at least one SS block should be fit inside one channel in the band, in this case the sync raster is maximum. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK54][bookmark: OLE_LINK55]In Fig.1, the first PBCH(SS block) is located in the rightmost edge of the channel located in the leftmost of NR bands (i.e 1st channel), up to the leftmost edge of the nth channel. The nth and (n+1)th channels are the two adjacent channels which are shifted by NR channel raster (FCR). Due to there is only one SS block located in each channel and the maximum sync raster is applicable, therefore two PBCH(SS block) are located in the leftmost and rightmost of the two channels, respectively. Assumption that the sync raster points to the centre of SS block(i.e. RE#0 of RB#10 in the SS block), then the centre frequency distance between the centre of the two PBCH (SS block) corresponds to the maximum sync raster (FFR), which is calculated as:
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]FFR ≤ BWconf + FCR- BWSS
Where the BWconf is the transmission bandwidth configuration of the minimum channel bandwidth supported by the band, which is based on data SCS and related to the spectrum utilization. FCR is the channel raster and BWSS is SS block bandwidth(=20 RB size based on SS block SCS).
For channel raster of 100kHz, since the SS block PRB was agreed as 24RB before making no down selection synchronization raster compared to the channel raster is possible for 5MHz and 10MHz minimum channel bandwidth. However, as the SS block PRB reduced up to 20RB, BWconf - BWSS should be 4RB(=720k) for 5MHz minimum channel bandwidth with 15kHz for both data SCS and SS SCS. In order to cover the 3 offsets of 100kHz, 300kHz are needed, therefore we think down selection synchronization raster compared to the channel raster is still possible
The Minimum CHBW and SCS for SS/PBCH for each band can be found in the WF[3]. Table 1 shows the maximum SS raster for each NR bands based on the above formula.
Table 1. Maximum SS raster for each band
	NR Bands
	Minimum Channel bandwidth
(MHz)
	Channel raster
(kHz)
	Data SCS
(kHz)
	SS block SCS (kHz)
	BWconfig
(RB)
	SS block
(RB)
	Max.SS raster: FFR
(MHz)

	n1
	5
	100
	15
	15
	25
	20
	1

	n3
	5
	100
	15
	15
	25
	20
	1

	n5
	5
	100
	15
	15
	25
	20
	1

	
	10
	100
	15
	30
	52
	20
	2.26

	
	
	
	30
	
	24
	
	1.54

	
	
	
	60
	
	11
	
	0.82

	n7
	5
	100
	15
	15
	25
	20
	1

	n8
	5
	100
	15
	15
	25
	20
	1

	n20
	5
	100
	15
	15
	25
	20
	1

	n28
	5
	100
	15
	15
	25
	20
	1

	1.427~1.518GHz
	5
	100
	15
	15
	25
	20
	1

	n66
	5
	100
	15
	15
	25
	20
	1

	
	10
	100
	15
	30
	52
	20
	2.26

	
	
	
	30
	
	24
	
	1.54

	
	
	
	60
	
	11
	
	0.82

	n70
	5
	100
	15
	15
	25
	20
	1

	n71
	5
	100
	15
	15
	25
	20
	1

	n77
	10
	15
	15
	30
	52
	20
	2.175

	
	
	
	30
	
	24
	
	1.455

	
	
	
	60
	
	11
	
	0.735

	n78
	10
	15
	15
	30
	52
	20
	2.175

	
	
	
	30
	
	24
	
	1.455

	
	
	
	60
	
	11
	
	0.735

	n79
	40
	15
	15
	30
	216
	20
	31.695

	
	
	
	30
	
	106
	
	30.975

	
	
	
	60
	
	51
	
	29.535

	n257
	50
	60
	60
	120
	66
	20
	18.78

	
	
	
	120
	
	32
	
	17.34

	n258
	50
	60
	60
	120
	66
	20
	18.78

	
	
	
	120
	
	32
	
	17.34

	n259
	50
	60
	60
	120
	66
	20
	18.78

	
	
	
	120
	
	32
	
	17.34

	n260
	50
	60
	60
	120
	66
	20
	18.78

	
	
	
	120
	
	32
	
	17.34



Proposal 1. The sync raster (FFR) for NR bands are given in the last column in table 1. 
2.2 sync raster for bands
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]The sync raster points should be aligned with the channel raster points. The sync raster down selection principle is simple illustrated in Fig.1 in section 2.1, we can see that the first sync raster entry should be aligned to the right edge of the first channel, which is (BWchannel - High_edge_GB-1/2BWss) offset to the FDL_low, also this offset can be equivalent with  (1/2BWchannel +∆f), where the ∆f is the distance from the first sync raster entry centre to the channel centre.
In addition, there may exist offset between the band low edge and the first channel raster entry for SCS based channel raster due to the FDL_low may not always multiple of SCS for NR bands, further information can be found in [4].
The offset ∆f1  between FDL_low and the first channel raster entry equals to ceil(FDL_low /Fcr)*Fcr- FDL_low. It should be noted that for 100kHz channel raster, ∆f1 = 0.
Proposal 2. The sync  raster for bands can be got by the formula:
				FDL_low+∆f1+1/2BWchannel +∆f + N*FFR 
where:
· ∆f1 is the offset between FDL_low and the first channel raster entry
· [bookmark: OLE_LINK52][bookmark: OLE_LINK53]BWchannel is the minimum channel bandwidth supported by the band. 
· ∆f  is the distance from the first sync raster entry centre to the channel centre.
· FFR is the sync raster listed in Table 1
· N is sync raster entries number, N chosen such that last entry is at FDL_high - 1/2 BWchannel
we takes some examples as follow:
Example 1:  Band n1(2110~2170MHz): minimum channel bandwidth is 5MHz with 15k SCS for both data SCS and SS SCS, the channel raster is 100kHz and sync raster is 1MHz according to Table 1. then the sync raster for band n1 is: 2110+0+2.5+ 2.5*0.18+N*1 = 2112.95 + N, N = 0, 1,..,54.
Example 2:  Band n79(4.4~5GHz): minimum channel bandwidth is 40MHz with 30k SCS for both data SCS and SS SCS, the channel raster is 15kHz and sync raster is 30.975MHz according to Table 1. then the sync raster for band n79 is: 4400+0.01+20 + 43*0.36+N*30.975 = 4435.49 + N*30.975, N = 0, 1,..,17.
Example 3:  Band n257(26.5~29.5GHz): minimum channel bandwidth is 50MHz with 120k SCS for both data SCS and SS SCS, the channel raster is 60kHz and sync raster is 17.34MHz according to Table 1. then the sync raster for band n257 is 26500+0.02+25 + 6*1.44+N*17.34 = 26533.66 + N*17.34, N = 0, 1,..,169.
3 Conclusion
In this contribution, we further discuss on the sync raster in NR and have the following proposals:
Proposal 1. The sync raster (FFR) for NR bands are given in the last column in table 1. 
Proposal 2. The sync  raster for bands can be got by the formula:
			     FDL_low+∆f1+1/2BWchannel +∆f + N*sync raster 
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