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1 Introduction
In this paper, we give some preliminary discussions on channel raster for NR.
2 Discussion
In general, channel numbering has a strong relation to UE measurement capabilities, since the UE must be signalled what frequencies to measure, both for intra- and inter-band mobility. The channel raster must also support efficient cell search in idle mode. The channel raster and related numbers should identify the frequency positions of the control channel used for cell search of the cell, in order to support UE measurements.
It was agreed that the existing 3GPP requirements for LTE and MSR including AAS should be re-used for NR as much as possible for below 6GHz NR. In MSR specification, two channel raster was defined for all bands, which are 100kHz for E-UTRA and 200kHz for UTRA. In E-UTRA system, where different channel bandwidth are considered, the channel raster of 100kHz is applied for all possible channel assignments in all frequency bands, and the EARFCN is used to identify the radio frequency channels (numbers), with the formulation of FDL = FDL_low + 0.1(NDL – NOffs-DL), where 0.1 means the channel raster, united in MHz.
In LTE, the sub-carrier spacing of 15kHz was used and the PRB block size is 180kHz, while the channel raster was 100kHz. It can be seen that the channel raster is integer multiples of neither 15kHz nor 180kHz, which mean the channel raster is not relationship with the sub-carrier.
Observation 1: The channel raster and channel numbering is not related to the sub-carrier spacing or the resource block size for E-UTRA.
For NR, sets of sub-carrier spacing will be supported such as 30kHz, 60kHz, 120kHz etc. In the case of there are 12 sub-carriers in one PRB, then the PRB sizes are also different for each sub-carrier spacing. When considering the channel raster for NR, it is no related to the sub-carrier spacing by adopting the E-UTRA principle.
Proposal 1. The channel raster for NR does not have to be a multiple of the sub-carrier spacings supported by the NR.
In additional, the other key point for NR is that the ultra-wideband single carrier channel bandwidth will be supported, such as 80MHz, 100MHz, and 200MHz etc. As discussed above, the raster and numbering is not related to the sub-carrier spacing or the resource block size. Signalling of assigned resource blocks etc. is not done with the channel numbers, but should be defined for the physical layer relative to e.g. the carrier centre. 

The channel raster size has a positive impact on the channel numbers for wide system bandwidths in case the UE has the knowledge that it is in a frequency band with a restricted minimum operating bandwidth, and have a negative impact on the cell search procedure (delay), and overall complexity – many possible centre frequencies in wide system bandwidths. We take 3.5G for an example, where the 3.5G frequency range may be deployed for sub-6GHz NR according to the discussion in the previous meetings. Assuming 200MHz frequency range in E-UTRA band 42, and considering 20MHz, 40MHz and 100MHz single carrier channel bandwidth, which is illustrated in figure1, where the red arrows are the general centre frequency positions for each channel bandwidth.
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Figure 1. Channel raster illustration
Considering the 200kHz channel raster, there would be 910, 805 and 502 channel numbers for 20MHz, 40MHz and 100MHz single carrier channel bandwidth, respectively. In the case of the channel raster is 100kHz, then the channel numbers will double. Figure 1 is based on the 200MHz frequency range, when the frequency range is large than 200MHz (will be happened for NR high frequency), then the channel numbers will increase significantly if we continue to use the small channel raster. Consequently the UE scan time will fairly long and the power consume will large.
Observation 2:  The channel numbers will increase significantly by using the small channel raster, especially larger frequency range deployed in NR operation.
Observation 3: The channel numbers between two general centre frequency positions will also increase significantly by using the small channel raster, especially larger channel bandwidth used in NR operation.
In order to reduce UE access time and save the power, there may two possible opinions to define the channel numbers for NR BS:

1. Define a new channel raster bigger than 100kHz, such as n*100kHz.

2. List the possible channel numbers.
The opinion 2 is similar with LAA does, where only 20MHz single carrier channel bandwidth is considered in beginning of LAA discussion. The specification listed all of the possible the channel numbers based on the 20MHz single carrier channel bandwidth (i.e. the general centre frequency positions, marked in red arrow in figure 1).
So far there is no agreements on how large the channel bandwidth will be supported for NR single carrier, and the operating bands which NR will be deploy and the sets of single carrier channel bandwidths supported in this band are ongoing discussed, thus how to define the channel raster and describe the channel numbers for the NR wider single channel bandwidth needs further study. 
3 Conclusion
In this paper, the channel raster issue is discussed for NR. Due to the high frequency will be deployed in NR, and ultra-wideband single carrier channel bandwidths are supported, and also the NR will support mix sub-carrier spacing in the same single carrier channel bandwidth, the channel numbers will be extremely large when small channel raster is used. The conclusions of this paper are: 

Observation 1: The channel raster and channel numbering is not related to the sub-carrier spacing or the resource block size for E-UTRA.
Proposal 1. The channel raster for NR does not have to be a multiple of the sub-carrier spacings supported by the NR.
Observation 2:  The channel numbers will increase significantly by using the small channel raster, especially larger frequency range deployed in NR operation.
Observation 3: The channel numbers between two general centre frequency positions will also increase significantly by using the small channel raster, especially larger channel bandwidth used in NR operation.
In order to reduce UE access time and save the power, there may two possible opinions to define the channel numbers for NR BS:

1. Define a new channel raster bigger than 100kHz, such as n*100kHz.

2. List the possible channel numbers.
However, due to there is no agreements on how large the channel bandwidth will be supported for NR single carrier so far, and the operating bands which NR will be deploy and the sets of single carrier channel bandwidths supported in this band are ongoing discussed, thus how to define the channel raster and describe the channel numbers for the NR wider single channel bandwidth needs further study. 
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