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1 Introduction
In last meeting, the NR channel raster and sync raster were largely discussed. For the channel raster, the WF [1] captured some issues such as:
100kHz Based raster: 
· Raster entries are given by the following equation for each band
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Lower band edge(MHz)+ N*0.1MHz, N chosen such that last entry is at Upper band 
· Raster to subcarrier position mapping
· Raster points to the center of the channel 
· SC#0 of RB# NRB/2 for even number of RBs
· SC#6 of RB# floor(NRB/2)for odd number of RBs 
SCS Based Raster:
· Raster will be based on absolute frequency values
· The raster positions will be integer multiples of 15kHz for sub6 bands
· The raster positions will be integer multiples of 60kHz for mmWave range bands
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Options for numbering of the raster entries:
· Raster entries are band specific
· Raster entries are indexed from 0kHz
· Raster to subcarrier position mapping
· Raster points to the center of the channel 
· SC#0 of RB# NRB/2 for even number of RBs
· SC#6 of RB# floor(NRB/2)for odd number of RBs
According to the WF, the channel raster of 100kHz and SCS based raster are agreed for NR BS.  For SCS based raster, the raster positions will be N*SCS. Also the numbering of the raster entries should be specified.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35] In this contribution, we provide some discussions on NR channel raster points numbering (i.e. NARFCN).
2 Discussion
[bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK16]2.1 100kHz channel raster
In current 3GPP specification, the channel raster is 100kHz, therefore the carrier centre frequency must be an integer multiple of 100 kHz,The carrier frequency in the uplink and downlink is designated by the EARFCN. For example the downlink carrier frequency is given by the equation: FDL = FDL_low + 0.1 (NDL – NOffs-DL) defined in Table 5.7.3-1 in TS36.104.  i.e. FDL = FDL_low + 0.1 (NDL – NOffs-DL) defined in Table 5.7.3-1 in TS36.104. In order to reduce UE search times, the channel number of channel raster points for UE searching are limited at the band edges. The carrier centre frequencies are identified by EARFCNs, which gives each band and carrier frequency a unique number which is the same way channel numbering is done in GSM and UTRA.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]For 100kHz channel raster, since the FDL_low or FDL_high are always multiple of 100kHz for all current E-UTRA bands, which means the channel raster entries are located from the lower edge to the higher edge in a specific band, which means there are totally [(FDL_high- FDL_low)/0.1+1] channel raster entries for each band. 
However, not all the numbers in the raster entries defined in the E-UTRA channel number are valid numbers since it is impossible that the carrier centre frequencies is assigned at the band edge. For example the offset from the carrier centre frequency of 20MHz carriers to the band edge is at least 10MHz, illustrated in Fig. 1.
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Figure 1. 100kHz channel raster entries in a specific band
For NR with the channel raster of 100kHz, same principle of LTE can be applied, this is also aligned with the equation given in the WF: Lower band edge(MHz)+ N*0.1MHz. Thus it is proposed:
Proposal 1.  The channel raster points number for each band (i.e. NARFCN) are proposed:
-  For 100kHz channel raster, FDL = FDL_low + 0.1(NDL – NOffs-DL)
where the NDL and  NOffs-DL values for NR are FFS.
2.2 SCS based channel raster
There are two options for numbering of the SCS based channel raster entries. Similar to the E-UTRA, the channel raster are indexed from 0kHz and in order to reduce UE search times, the channel number of channel raster points for UE searching are limited at the band edges.
Proposal 2. The numbering of the SCS based raster entries are indexed from 0kHz
For SCS based channel raster, since the FDL_low may not always multiple of SCS for NR bands, there may exist offset between the band low edge and the first channel raster entry, illustrated in Fig. 2.
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Figure 2. SCS based channel raster entries in a specific band
The offset can be got with the formulas of ceil(FDL_low /Fcr)*Fcr- FDL_low and FDL_high - floor(FDL_low /Fcr) *Fcr, where Fcr is the channel raster.
For example, for n79 where FDL_low=4400MHz, the carrier frequency multiple of the SCS of 15kHz is 4400.01MHz,  therefore 10kHz offset exists between the band edge and the first channel raster entry. For the other NR new bands where the SCS based channel raster is applied, the offsets are summarized in table 1.
Table 1. Offset between the band edge and the integer multiples of SCS for NR new bands
	NR new bands
	UL/DL
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Carrier frequency nearest to FDL_low (integer multiples of SCS )
	Carrier frequency nearest to FDL_high
(integer multiples of SCS )
	note

	n77
	3.3 - 4.2 GHz
	3300MHz
	4200
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]No offset to FDL_low and  FDL_high.

	n78
	3.3 - 3.8 GHz
	3300MHz
	3799.995MHz
	No offset to FDL_low, and -5kHz offset to FDL_high.

	n79
	4.4 - 5.0 GHz
	4400.01MHz
	4999.995MHz
	[bookmark: OLE_LINK11][bookmark: OLE_LINK13]+10kHz offset to FDL_low and 
-5kHz offset to FDL_high

	n257
	26.5 –29.5 GHz
	26500.02MHz
	29499.96MHz
	[bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]+20kHz offset to FDL_low and 
-40kHz offset to FDL_high

	n258
	24.25 – 27.5 GHz
	24250.02MHz
	27499.98MHz
	+20kHz offset to FDL_low and -20MHz offset to FDL_high

	n259
	31.8 – 33.4 GHz
	31800MHz
	33399.96MHz
	No offset to FDL_low and -40kHz offset to FDL_high

	n260
	37–40 GHz
	37000.02MHz
	39999.96MHz
	+20kHz offset to FDL_low and 
-40kHz offset to FDL_high



From Table 1,  the offset and the totally channel raster entries for each NR new bands are listed as follow:
· No offsets to  FDL_low for Band n77,  totally channel raster entries are 60001.
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK26][bookmark: OLE_LINK27]No offsets to  FDL_low for Band n78,  totally channel raster entries are 33334.
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]+10kHz offset to FDL_low for Band n79, totally channel raster entries are 40000.
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]+20kHz offset to FDL_low for Band n257, totally channel raster entries are 50000.
· +20kHz offset to FDL_low for Band n258, totally channel raster entries are 54167.
· No offsets to  FDL_low for Band n259,  totally channel raster entries are 26667.
· +20kHz offset to FDL_low for Band n260, totally channel raster entries are 50000.
Similar to 100kHz channel raster, the NARFCNs for SCS based raster are proposed:
Proposal 3.  The channel raster points number for each band(i.e. NARFCN) are proposed:
-  For 15kHz channel raster, FDL = FDL_low + 0.015(NDL – NOffs-DL) + 0.01*MDL , MDL = 0, 1
-  For 60kHz channel raster, FDL = FDL_low + 0.06 (NDL – NOffs-DL) + 0.01*MDL ,  MDL = 0, 2
where the NDL and  NOffs-DL values for NR are FFS.
3 Conclusion
In this contribution, some discussions on NR channel raster points numbering and have the following proposals:
Proposal 1.  The channel raster points number for each band (i.e. NARFCN) are proposed:
-  For 100kHz channel raster, FDL = FDL_low + 0.1(NDL – NOffs-DL)
Proposal 2. The numbering of the SCS based raster entries are indexed from 0kHz
Proposal 3.  The channel raster points number for each band(i.e. NARFCN) are proposed:
-  For 15kHz channel raster, FDL = FDL_low + 0.015(NDL – NOffs-DL) + 0.01*MDL ,   MDL = 0, 1
-  For 60kHz channel raster, FDL = FDL_low + 0.06 (NDL – NOffs-DL) + 0.01*MDL  ,  MDL = 0, 2
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