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1
Background
The discussion on channel arrangements and raster for the NB-IoT Work Item [1] has included prior analysis and proposals in [2].  This paper seeks to add further analysis to the discussion.
2
Discussion

In the in-band deployment of NB-IoT, two possible configurations of the legacy LTE bandwidth are possible:  those with even and odd numbers of resource blocks in the system bandwidth.  Figures 1 and 2 below illustrate these cases.
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Figure 1: 1.4, 3, 10, 20 MHz BW
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Figure 2: 5, 15 MHz BW
In the interest of maintaining a scalable NB-IoT deployment alongside a legacy LTE network, the raster for NB-IoT is preferred to remain unchanged:  i.e. in steps of 100 kHz.

Recommendation 1: The NB-IoT raster is preferred to remain the same as legacy LTE.

Given this raster, an NB-IoT UE searching for resource blocks within an LTE band will observe frequency offsets between the detected NB-PSS and the locations in the raster search space.  Figure 3 below illustrates this with an example of a 10 MHz B13 deployment.
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Figure 3: NB-IoT raster example with a 10 MHz BW
The distribution of offsets between the raster locations and the nearest PRBs within the configured system BW is shown in Figure 4 below.
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Figure 4: Distribution of offsets (10 MHz BW example)
The CDF is collects the absolute value of the offset:  the actual frequency offsets can be positive or negative.  Figures 5 and 6 illustrate the same concept with a 5 MHz BW example in Band 8.
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Figure 5: NB-IoT raster example with a 5 MHz BW
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Figure 6: Distribution of offsets (5 MHz BW example)
Table 1 below summarizes the results.

Table 1: Summary of resource block offsets from raster

	Bandwidth (MHz)
	Number of PRBs
	Median offset (kHz)
	10th percentile

	1.4, 3, 10, 20
	6, 12, 50, 100
	42.5
	2.5

	5, 15
	25, 75
	47.5
	7.5


The following observations and recommendations can be made:

Observation 1: The UE can measure the frequency offset FO = FOclock + FOraster; FO can be compensated up to a certain threshold (capability driven by a tradeoff between NW flexibility and UE complexity)

Observation 2: If FOraster is signaled to the UE by the network, the UE can complete the NB-IoT channel acquisition

Recommendation 2: Define a subset of available PRBs in a given band to be usable by NB-IoT such that FOraster < threshold

Recommendation 3: The threshold value is driven by implementation and is FFS

Recommendation 4: A mechanism to signal FOraster to the UE by the NW is needed (subject to further RAN1 decisions)

3
Conclusions
This paper has provided further analysis on the NB-IoT raster discussion and has shared the following observations and recommendations:
Recommendation 1: The NB-IoT raster is preferred to remain the same as legacy LTE.

Observation 1: The UE can measure the frequency offset FO = FOclock + FOraster; FO can be compensated up to a certain threshold (capability driven by a tradeoff between NW flexibility and UE complexity)

Observation 2: If FOraster is signaled to the UE by the network, the UE can complete the NB-IoT channel acquisition

Recommendation 2: Define a subset of available PRBs in a given band to be usable by NB-IoT such that FOraster < threshold

Recommendation 3: The threshold value is driven by implementation and is FFS

Recommendation 4: A mechanism to signal FOraster to the UE by the NW is needed (subject to further RAN1 decisions)
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