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1 Introduction
A new WI was established for NB-IOT in [1] in last RAN plenary meeting. Channel arrangement including channel spacing, channel raster and ARFCN is a key issue for new radio technology of NB-IOT. For standalone deployment and non-orthogonal solution in LTE guard band of NB-IOT, it is expected to reuse existing LTE channel arrangement including 100kHz channel raster and EARFCN. However, for orthogonal solution with LTE in-band and guard band operation, existing channel arrangement is not appropriate any more. In this contribution, we discuss the channel issues for orthogonal solution and provide some understandings on channel arrangements. 
2 Discussion
2.1 Downlink channels
In order to support smooth multiplexing of NB-IOT and LTE for in-band deployment (i.e. a LTE PRB is allocated for NB-IOT without fragment), the occupancy of NB-IOT should be exactly aligned with the allocated LTE PRB. However, the centre frequency of the PRBs to be possibly allocated for NB-IOT in-band and guard band operation (the PRBs for LTE PSS/SSS/PBCH transmission are assumed to not be used for NB-IOT) will never be the multiple of 100 kHz.
Figure 1 shows the centre frequencies of the LTE PRBs that could be considered to be allocated for NB-IOT DL in-band operation (i.e. excluding the PRBs for LTE PSS/SSS/PBCH). 
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Figure 1 Centre frequency of NB-IOT deployed in-band LTE
Comparing with the 100 kHz LTE channel raster, it can be easily deduced that 
· For LTE 10MHz or 20MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100 kHz channel raster is among {2.5 kHz, 17.5 kHz, 22.5 kHz, 37.5 kHz, 42.5 kHz}.
· For LTE 3MHz, 5MHz or 15MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100 kHz channel raster is among {7.5 kHz, 12.5 kHz, 27.5 kHz, 32.5 kHz, 47.5 kHz}.
Table 1 shows the LTE PRB indices (including PRB in guard band) corresponding to the minimum frequency offset from the closest channel raster (i.e. 2.5 kHz for LTE with 10MHz or 20MHz system bandwidth, 7.5 kHz for LTE with 3MHz, 5MHz or 15MHz system bandwidth). 
Table 1 LTE PRB indices (starting from 0) corresponding to the minimum frequency offset
	LTE system bandwidth 
	3MHz 
	5MHz 
	10MHz 
	15MHz 
	20MHz 

	PRB indices with 2.5kHz offset
	/
	/
	4, 9, 14, 19, 30, 35, 40, 45
	/
	4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95

	PRB indices with 7.5 kHz offset
	2, 12
	2, 7, 17, 22
	/
	2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72
	/


Different from in-band deployment, there is no restriction that the NB-IOT band is aligned with an LTE PRB. However, to maintain the orthogonality between the DL sub-carriers of LTE and NB-IOT, the edge-to-edge frequency separation of LTE DL band and NB-IOT DL band should be an integer multiple of 15 kHz (or 3.75 kHz for the alternative DL numerology). 
Comparing with the 100 kHz LTE channel raster, it can be easily deduced that 
· For LTE 10MHz or 20MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100 kHz channel raster is among {2.5 kHz, 17.5 kHz, 32.5 kHz, 47.5 kHz}.
· For LTE 5MHz or 15MHz system bandwidth
· The frequency offset between the centre of an LTE PRB and its closest 100 kHz channel raster is among {7.5 kHz, 22.5 kHz, 37.5 kHz}.
The possible NB-IOT DL carrier centre frequencies that are closest to 100 kHz channel raster and with edge-to-edge distance of an integer multiple of 15 kHz are shown in Table 2.
Table 2 NB-IOT DL carrier centre frequencies in guard-band operation mode
	LTE system bandwidth 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 

	Edge frequency of LTE transmission (kHz)
	±2257.5
	±4507.5
	±6757.5
	±9007.5

	NB-IOT carrier centre frequency closest to  100kHz channel raster (kHz)
	±2392.5
	±4597.5
	±6892.5
	±9097.5

	Frequency offset from the 100 kHz channel raster (kHz)
	7.5
	2.5
	7.5
	2.5

	Edge-to-edge distance of LTE and NB-IOT (kHz)
	45
	0
	45
	0


Based on above discussion for in-band and guard band operation, we can get that downlink channels for NB-IOT as:

FDL = FDL_low + 0.1*(NDL – NOffs-DL) + 0.0025* (2MDL +1)  MDL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9
or
FDL = FDL_low + 0.0025((2*NDL +1) – NOffs-DL)
2.2 Uplink channels
In LTE FDD, the carrier centre frequency of uplink could follow the default separation from downlink on each operating band or other separations intended for future use cases. The same separation as LTE cannot be applied for NB-IOT due to the unused DC sub-carrier in LTE DL and 7.5 kHz frequency shift in LTE UL. Figure 2 shows the different DL/UL separations for LTE and NB-IOT. It can be seen that a ±7.5kHz offset exists for NB-IOT DL/UL separation compared to LTE DL/UL separation assuming the same indexed LTE DL and UL PRBs are allocated respectively for NB-IOT DL and UL. Guard band operation could be in the same situation.
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Figure 2 Uplink centre frequency of NB-IOT in in-band operation mode
Based on above discussion for in-band and guard band operation, we can get that uplink channels for NB-IOT as:

FUL = FUL_low + 0.1*(NUL – NOffs-UL) + 0.0025* (2MUL)    MUL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9
or

FUL = FUL_low + 0.0025(2*NUL – NOffs-UL)
2.3 Channel raster and channel arrangement for NB-IOT
As per section 2.1 and 2.2, all DL and UL channels can be written as:
FDL = FDL_low + 0.1*(NDL – NOffs-DL) + 0.0025* (2MDL +1)    MUL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9
FUL = FUL_low + 0.1*(NUL – NOffs-UL) + 0.0025* (2MUL)    MDL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9
or

FDL = FDL_low + 0.0025((2*NDL +1) – NOffs-DL)
FUL = FUL_low + 0.0025((2*NUL) – NOffs-UL)
These formulas indicate two kinds of channel definitions as:

Option 1: The channel raster is still 100 kHz and NB-IOT channels are defined as the channels with frequency offset of odd or even multiple of 2.5 kHz from the multiple of 100 kHz. 

Option 2: The channel raster is changed to 2.5 kHz and NB-IOT channels are defined in odd or even multiple of 2.5 kHz.
However, both the options above define the number of channels 20 multiple of the existing channels, it significant increases the cell search time and power consumption for NB-IOT UE for UE initial access. A solution to reduce cell search resource is to limit to some of channels for initial access, e.g. only transmit PSS/SSS in some of channels and UE could only search these limited channels when it finds the cell. But it will depend on RAN1 study and in RAN4 all possible channels should be defined as in above formulas not only for initial access but also for data transmission schedule.
3 Conclusion
This contribution discussed channel arrangement issue for NB-IOT with orthogonal solution and provided some understandings on channel arrangements. Further discussion is needed to define channels for NB-IOT.
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