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1 Introduction
In last meeting, channel raster and sync signal frequency raster for NR have been discussed in several contributions [1~11]. In addition, a WF [12] for channel raster was approved with the following agreement:  
· For sub 6GHz in LTE bands 

· Option 1: 100KHz 

· Option 2: 180KHz
· It is agreed to evaluate the pros and cons of both options, in particular 

· The definition of guard band between component carriers and how the channel raster impact to this guard band. 
· Coexistence with adjacent channels, especially in case of refarming.

· Sync raster definition and impact to initial system acquisition 
· Down selection should be done between option 1 and 2 in next meeting 

· FFS synchronization raster 

It should be noted that the work assumption for above 24G NR channel raster was agreed as [720k],which is one PRB bandwidth corresponding to 60k SCS. According to the WF, the main focus is on the sub 6GHz in LTE bands. In this paper, we provide some further considerations and discussions on channel raster and SS frequency raster for NR.

2 Discussion

2.1 channel raster

In LTE intra-band contiguous CA, the guard band between the aggregated CCs can be interpreted as the gap between the two adjacent outmost RBs in the two aggregated CCs, which can also be applied to NR. The zero guard band between the aggregated CCs means the resource allocation of consecutive RBs across contiguously aggregated carriers, which is the upper edge of the rightmost RB in CC1 is aligned with the lower edge of the leftmost PRB in CC2, where the CC1 and CC2 are the two contiguous aggregated carriers. 
According to the RAN1 LS[13], RAN1 believes that it is beneficial to allow zero guard band between the aggregated CCs. By some simple calculations, it can be found the existing LTE channel raster (i.e. 100kHz) cannot always guarantee the zero guard band between the aggregated CCs. For example, the minimum channel spacing between the centre frequencies of 2CCs of 20MHz BW is 18.3MHz leaving 0.3MHz guard band between the CCs. In order to guarantee zero guard band between the aggregated CCs, channel raster should be multiple of NR PRB. For sub-6GHz NR, the smallest PRB size is 180kHz with SCS of 15kHz, which can be chosen as the smallest unit for the channel raster.
One controversial issue is the choice of channel raster on LTE refarming bands for NR in sub-6GHz. In the frequency range below 6GHz, NR UE may be configured with the capability to access to both LTE- reframing band(s) and NR only band(s). If two channels raster are supported, it may increase the search time during the initial access because the UE may attempt to perform the initial scanning twice, one for each channel raster. Also, it may cause UE implementation more complexity. It would be better to keep a common channel raster for sub-6GHz NR as much as possible. Accordingly, channel raster of 180 kHz might be a preferable candidate for sub-6GHz NR.
Proposal 1. For sub 6GHz, the NR channel raster is 180 kHz. 
2.2 Frequency Raster
One of the RAN1’s work assumption is the SS frequency raster can be sparser than channel raster in order to reduce search time for the initial access. Sparser frequency raster (than channel raster) means that the frequency center of the synchronization signal (SS) may be different from that of the carrier channel bandwidth center.
According to RAN1’s agreements, the synchronization channel has 127 subcarriers size and it is associated with the PBCH, thus the PBCH of 288 subcarriers size will be used to calculate the synchronization signal frequency raster. In addition, the SCS for SS are 15kHz/30kHz for below 6GHz and 120kHz/240kHz for above 6GHz, which depend on the frequency ranges.
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Figure 1: Synchronization signal frequency raster
With the assumption that at least one SS block should be fit inside any channel in the band,Fig. 1 illustrates the case where two adjacent channels are shifted by NR channel raster (FCR) of 180kHz, and only one SS block located in each channel, and two PBCH(SS block) are located in the leftmost and rightmost of the two channels, respectively. In this case the frequency distance between the centres of the two PBCH (SS block) corresponds to the maximum synchronization frequency raster (FFR), which is calculated as follow:
BWconf+FCR ≥ BWSS+FFR
or

FFR ≤ BWconf+FCR- BWSS
Where the BWconf is the transmission bandwidth configuration, which is related to the spectrum utilization and still ongoing discussed. Here we assumption BWconf  is 90% of the channel bandwidth, which is same with channel bandwidth ≥ 5MHz in LTE, and the results of maximum possible synchronization frequency raster (FFR) for each SCS for the minimum channel bandwidth are summarized in table 1 and table 2 for sub-6GHz and above 24GHz, respectively.
According to the WF [14], the minimum channel bandwidths are different for each SCS supported. The minimum channel bandwidth for SCS of 15kHz, 30kHz and 60kHz are 5MHz, 5MHz or 10MHz (not yet decide) and 10MHz or 20MHz  (not yet decide), respectively.  Due to the 5MHz/30MHz SS cannot be supported currently, thus15kHz SCS for SS and 30kHz for data might possibly be supported.
Table 1. Maximum possible synchronization frequency raster (FFR) for sub-6GHz
	Min channel BW(MHz)
	SS 
SCS(kHz)
	PBCH
(SS block)
	SS BW
(MHz)
	BWconf
(MHz)(90%)
	SS Frequency Raster
(FFR) (MHz)

	5
	15
	288
	4.32
	4.5
	0.36

	10
	15
	288
	4.32
	9
	4.86

	10
	30
	288
	8.64
	9
	0.54

	20
	15
	288
	4.32
	18
	13.86

	20
	30
	288
	8.64
	18
	9.54


Table 2. Maximum possible synchronization frequency raster (FFR) for above 24GHz

	Min channel BW
(MHz)
	SS 
SCS(kHz)
	PBCH
(SS block)
	SS BW
(MHz)
	BWconf
(MHz) (90%)
	SS Frequency Raster (FFR)(MHz)

	50
	120
	288
	34.56
	45
	11.16

	50
	240
	288
	69.12
	45
	N/A


From the above tables, the observation can be found as follow:
Observation:
For sub 6GHz:

· For the minimum channel bandwidth of 5MHz, the maximum possible synchronization frequency raster (FFR) is 0.36MHz for 15kHz SS SCS.

· For the minimum channel bandwidth of 10MHz, the maximum possible synchronization frequency raster (FFR) is 4.86MHz and 0.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.
· For the minimum channel bandwidth of 20MHz, the maximum possible synchronization frequency raster (FFR) is 13.86MHz and 9.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.

For above 24GHz:

· For the minimum channel bandwidth of 50MHz, the maximum possible synchronization frequency raster (FFR) is 11.16MHz for 120kHz SS SCS.
· 240k SS SCS is not applicable for the minimum channel bandwidth of 50MHz 
According to the spectrum utilization discussion, the BWconf may be larger than 90% used in the above calculation, therefore in this case the maximum possible synchronization frequency raster (FFR) can be larger than the above values.
3 Conclusion

In this contribution, we further discuss how to define the channel raster and frequency raster in NR and have the following proposals and observation:
Proposal 1. For sub 6GHz, the NR channel raster is 180 kHz. 

Observation:

For sub 6GHz:

· For the minimum channel bandwidth of 5MHz, the maximum possible synchronization frequency raster (FFR) is 0.36MHz for 15kHz SS SCS.

· For the minimum channel bandwidth of 10MHz, the maximum possible synchronization frequency raster (FFR) is 4.86MHz and 0.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.

· For the minimum channel bandwidth of 20MHz, the maximum possible synchronization frequency raster (FFR) is 13.86MHz and 9.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.

For above 24GHz:

· For the minimum channel bandwidth of 50MHz, the maximum possible synchronization frequency raster (FFR) is 11.16MHz for 120kHz SS SCS.
· 240k SS SCS is not applicable for the minimum channel bandwidth of 50MHz 
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