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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth [1], and the WI was updated in [2]. According to the work item description, the objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

In this contribution we discuss further the channel raster for NB-IOT.
2 Discussion
When NB-IoT is deployed in-band or in the guard band, the PRB used should ideally be at the 100 kHz channel raster in order for the network to be able to find the PRB during cell search. 

Note that the standalone case is not addressed here since it is then assumed that the center of the PRB is on the 100 kHz LTE channel grid. 

We also here assume that for the in-band case, the PRB used for NB-IoT is occupying and aligned with a single legacy LTE PRB and all NB-IoT channels are signals are fully contained within this PRB.

In legacy LTE the cell search operation by a UE starts with looking for a synchronization signal at intervals of 100 kHz. Figure 1 shows the centre frequency offsets for the LTE PRBs closest to the center frequency of the LTE carrier. 
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Figure 1: Center frequency offset of LTE PRBs for even and odd system bandwidths

As observed in [3], due to the presence of the DC-carrier and the fact the centre of the PRB is in between two sub-carriers, there is no PRB that falls directly on the cell search grid used in LTE. The frequency offset to the 100 kHz grid is a minimum of ±2.5 kHz and ±7.5 kHz for even and odd number of PRBs in the LTE system bandwidth, respectively. 

2.1 Guard band operation

In guard band operation, in order maintain orthogonality to the LTE carrier and minimize the ACLR to adjacent LTE carrier, placing the NB-IoT PRB on the 15 kHz sub-carrier grid using the 12 “next” subcarriers adjacent to the LTE carrier is desired as shown in Figure 2 for the 10 MHz LTE system bandwidth. 
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Figure 2: Adjacent LTE PRB for guard band operation in 10 MHz LTE system bandwidth

Table 1 shows the center frequency offset for this adjacent PRB. Only the higher frequency guard band is shown, but the offset is the same to the adjacent PRB in the lower guard band. The 1.4 MHz system bandwidth has been excluded since guard band operation is not seen as feasible.

Table 1 Center frequency offset of the guard band PRB for different LTE system bandwidths

	System bandwidth [MHz]
	PRBs in system bandwidth
	Guard band PRB center frequency offset[kHz]
	Offset to 100 kHz grid
	Guard sub-carriers needed to be with ±7.5 kHz of 100 kHz
	Guard band PRB center frequency offset when including guard sub-carriers [kHz]

	3
	15
	1447.5
	52.5
	3
	1492.5

	5
	25
	2347.5
	52.5
	3
	2392.5

	10
	50
	4597.5
	2.5
	0
	4597.5

	15
	75
	6847.5
	52.5
	3
	6892.5

	20
	100
	9097.5
	2.5
	0
	9097.5


We see that for 10 and 20 MHz system bandwidths, the center frequency of the guard band PRB is 2.5 kHz off the 100 kHz frequency raster. For the remaining system bandwidths, the offset to the 100 kHz raster is 52.5 kHz. In order to get within the same ±7.5 kHz as for the standalone case, 3 guard subcarriers are needed. 

The feasibility of having guard band operations for all the listed system bandwidths and specifically the insertion of 3 additional subcarriers for certain system bandwidths should be studied.

Proposal 1: The feasibility of having guard band operations for all the listed system bandwidths and specifically the insertion of 3 additional subcarriers for certain system bandwidths should be studied.

3 Impact on cell search

Before connecting to any cell, the UE’s time accuracy is limited to the accuracy of its own oscillator which is typically in the range of 20 ppm [3]. This corresponds to ±18 kHz frequency error at a 900 MHz carrier frequency. This means that the UE is anyway dealing with an unknown frequency offset when doing cell search. Hence, as long as the UE is capable in cell search to deal with an additional frequency offset of ±7.5 kHz cell search, the UE can find the NB-IoT PRB even if the PRB is not perfectly centered on the 100 kHz frequency raster. 
Assuming that the additional frequency offset can be dealt with during cell search, we make the following proposal:

Proposal 2: For initial cell search, the UE may assume that the NB-IoT PRB center frequency is within ±7.5 kHz of the 100 kHz LTE frequency raster.

4 Duplex gap

As for the DL-UL frequency separation, for half-duplex devices, a flexible duplex gap does not add any UE complexity as the UE is anyway retuning between the UL and DL frequencies, but at the cost of requiring more system information. The UL is more prone to coexistence issues and a flexible duplex gap can help alleviating this. Hence, it is proposed to allow pairing of any UL PRB to the DL PRB used for NB-IoT.

Proposal 3: Flexible duplex gap is supported in NB-IoT. 
5 Conclusion
In this contributions we discussed the channel raster for NB-IoT can make the following proposals:

Proposal 1: The feasibility of having guard band operations for all the listed system bandwidths and specifically the insertion of 3 additional subcarriers for certain system bandwidths should be studied.

Proposal 2: For initial cell search, the UE may assume that the NB-IoT PRB center frequency is within ±7.5 kHz of the 100 kHz LTE frequency raster.

Proposal 3: Flexible duplex gap is supported in NB-IoT
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