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The channel raster [1], [2] and SS block design were finalized during the last RAN4 and RAN1 meetings. Based on these agreements RAN4 can proceed to define the synchronization raster for NR.
2. 	Discussion
The synchronization raster definition was discussed in previous RAN4 meetings and it was agreed that the synchronization raster will be separate from the channel raster and will indicate the positions of the SS block that the UE would search for system acquisition without having any prior information. These locations will be introduced in the specifications for each band separately.
2.1 Synchronization Raster to RE mapping
The synchronization raster should indicate the position of a certain resource element(RE) of the SS block. In order to be consistent with the channel raster definition, we propose that the sync raster indicates the center RE of the SS block. The SS block was agreed to be 20RBs, hence, we propose the following:
Proposal 1. Sync raster will indicate the position of RE=#0(subcarrier #0) of RB#10 of the sync block (center of the SS block).
2.2 Synchronization Raster Definition
The high-level definition of the synchronization raster was extensively discussed in previous papers and the optimization method was presented [3] [4]. 
The minimum channel bandwidth for the NR bands was agreed in [7]. It can be noted that the minimum channel bandwidth is relatively narrow in many bands. The minimum channel bandwidth together with the SS block bandwidth determine the number of entries for the synchronization raster. In the future, it is very likely that NR will mostly be deployed in channel bandwidths that are larger than the minimum, especially as the re-farming of older RATs to NR will accelerate. Hence, we believe that the synchronization raster should be optimized for larger bandwidths than the minimum bandwidth while still covering all the possible channels in a given band. 
Proposal 2. Optimize the synchronization raster for larger channel bandwidth than the minimum defined in each band.
This principle would allow future optimization of the synchronization raster (in the future it is possible that there will not be a need to cover the narrowest channel bandwidths and the synchronization raster might be downsampled) and potentially faster acquisition. For bands that are defining the minimum channel bandwidth as 5MHz, 10MHz and 50MHz, we are proposing to optimize the channel bandwidth for 10MHz, 20MHz and 100MHz respectively.
By following this principle, the sync raster positions would first be defined by the larger channel bandwidths and then the positions between them would be filled to cover all the possible locations for the minimum channel bandwidths. This process will be further explained for each band separately. 
2.2.1 Synchronization Raster Granularity
The synchronization raster granularity was given in [3] as X-Y+1 where X is the channel bandwidth, Y is the SS block bandwidth and 1 is a unit of the channel raster granularity. 
For the bands proposed so far, the granularity with different channel bandwidths is summarized in Table 1
[bookmark: _Ref498675257]Table 1 Raster Granularity
	[bookmark: _Hlk498675044]Channel Bandwidth and SCS
	100kHz raster
	SCS raster

	5MHz, 15kHz
	1MHz
	N/A

	10MHz, 15kHz
	5.8MHz
	N/A

	10MHz, 30kHz
	N/A
	1.455MHz

	20MHz, 30kHz
	N/A
	11.175MHz

	40MHz, 30kHz
	N/A
	30.975MHz

	50MHz, 120kHz
	N/A
	17.34MHz

	100MHz, 120kHz
	N/A
	66.3MHz



Note that for bands with a 100kHz raster, 3 positions with 100kHz offsets are needed to cover all the possible channel offsets in a band. This is to ensure that each channel has a corresponding sync raster that lies on the same FFT grid. As a consequence of adding two extra sync blocks at 100kHz offset, we can add 200kHz to the raster granularity in the 100kHz raster scenario. The update values for raster granularity are given in Table 2.
[bookmark: _Ref498675438]Table 2: Raster granularity accounting for multiple sync locations in 100KHz raster
	Channel Bandwidth and SCS
	100kHz raster

	5MHz, 15kHz
	1.2MHz

	10MHz, 15kHz
	6MHz



[bookmark: _Hlk498614500]2.2.2 Synchronization Raster Entries
The first entry of the sync raster in a band should place the SS block at the upper edge of the lowest channel in a band. The offset compared to the lowest channel raster position in the band is given by the following equation:
Frequency offset= (Channel Bandwidth (in RBs)/2-SS block Bandwidth (in RBs)/2) *12*SCS
The offset for different channel bandwidths and SCS is summarized in Table 3. The numbers in parenthesis indicate the offset from the beginning of the band. For SCS raster, this is a range as the first channel has to lie on the channel raster. 
[bookmark: _Ref498676185]Table 3 Offset of first sync raster location
	Channel Bandwidth and SCS
	100kHz raster
	SCS raster

	5MHz, 15kHz
	450kHz(2950kHz)
	N/A

	10MHz, 15kHz
	2.88MHz(7.88MHz)
	N/A

	10MHz, 30kHz
	N/A
	720kHz (5.710-5.720)

	20MHz, 30kHz
	N/A
	5.58MHz (5.57 – 5.58)

	40MHz, 30kHz
	N/A
	15.48MHz (35.47 – 35.48)

	50MHz, 120kHz
	N/A
	8.64MHz (33.585 – 33.64)

	100MHz, 120kHz
	N/A
	33.12MHz (83.065 – 83.12)



Similarly, the lowest position in frequency of the last sync raster in a band should place the SS block at the lower edge of the highest channel in a band. Considering the granularity of the synchronization raster, the last sync raster position in a band should be higher or equal to this lowest position. 
2.2.3 Synchronization Raster for 100kHz Raster bands
Considering all the above, the synchronization raster definition for bands with 100kHz raster and 5MHz minimum channel bandwidth is given by the following equation:
Raster entry=FDL_low+2.88+1.2*M+6*N+0.1*K MHz, where M=0:5, K=0:2 and N is chosen such that the last entry satisfies the condition introduced at the end of Section 2.2.2. The entries for M=0 would be the entries used if minimum channel BW was 10 MHz.  
[bookmark: _Ref498676853][bookmark: _GoBack]2.2.4 Synchronization Raster for SCS Raster bands with 30kHz SS block SCS
Similar to Section 2.2.3, the synchronization raster for bands with 10MHz minimum bandwidth is given by the following equation:
Raster entry=FDL_low+ [5.71,5.72] +1.455*M+10.185*N MHz, where M=0:6 and N is chosen such that the last entry satisfies the condition introduced at the end of Section 2.2.2. As indicated earlier, the entry x from range [5.71,5.72] should be chosen such that FDL_low+x is a multiple of 15KHz, and hence, valid channel raster entry (example below). The entries for which M=0 would be the entries used if the minimum channel bandwidth would be 20MHz. 
For Band n78 the raster definition would be given as follows:
Raster entry=3300+5.715+1.455*M+10.185*N MHz, where M=0:6 and N=0:48. For N=48 only M=0 is needed.
2.2.5 Synchronization Raster for SCS Raster bands with 120kHz SS block SCS
The synchronization raster far bands with 50MHz minimum bandwidth is given by the following equation:
Raster entry=FDL_low+ [33.585,33.64]+17.34*M+52.02*N MHz, where M=0:2 and N is chosen such that the last entry satisfies the condition introduced at the end of Section 2.2.2. Similar to the case in Section 2.2.4, the entry x in the range [33.585,33.64] should be chosen such that FDL_low+x is a multiple of 60KHz, and hence, a valid channel raster entry. The entries for which M=0 would be the entries used if the minimum channel bandwidth would be 20MHz.
2.2.6 Synchronization Raster for SCS Raster bands with 120kHz and 240kHz SS block SCS
In this section, we provide an equation for down selecting the 120kHz locations when the SCS size is 240kHz. For 240kHz SCS the minimum channel BW is 100MHz which results in a raster granularity of 37.5 MHz.  
The raster entry equation from Section 2.2.5 can be re-written as 
Raster entry=FDL_low+ [33.585,33.64]+17.34*M+34.68*N MHz, where M=0:1 and N is chosen such that the last entry satisfies the condition introduced at the end of Section 2.2.2. The entries for which M=0 would be the entries used if the SCS size is 240kHz.
It should be noted that if the size of the sync block is modified, the reference position in the sync block can be revised accordingly. Also note that while RAN1 has an agreement that the number of searches should not change if a band a supporting multiple SCS size SSB’s, information from operators on possible deployments is needed (for example which parts of the band will not have 50MHz channels.)
3. 	Conclusion
In this paper, we proposed the definition of the NR synchronization raster based on the currently agreed parameters. The sync raster depends on the minimum channel BW in the band, SCS used in the band, and the channel raster. We provide formulation that allows to down select the sync raster in future if the minimum channel BW of the band changes.   
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