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NB-CIoT – Discussions on Frequency Reuse
1 Introduction
At GERAN#62, a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications[1]. NB-CIoT was proposed as one of the candidate solutions (see sub-clause 7.3[2]).

This document attempts to give some insights into the deployment issue of NB-CIoT in terms of frequency reuse.
2 Discussions
In cellular networks, frequencies allocated to the service are reused in a regular pattern of cells/sectors. In the NB-CIoT system, a frequency re-use of 1/3 within the 200 kHz allocation is typically envisaged to ensure robust network operation with respect to inter-cell interference. A frequency reuse factor of 1 (also referred as a full frequency reuse) is also allowed by the design.
In WCDMA and LTE systems, full frequency reuse is employed to provide the main benefit of ease of deployment, given that no frequency planning is required. However, it may not always be applicable to the NB-CIoT system for the following reasons:
· Full frequency reuse has the drawback that some users experiencing large pathloss and/or penetration loss cannot be served due to the SINR degradation caused by excessive inter-cell interference. This problem becomes more fundamental for the NB-CIoT system where a very high percentage of reliable coverage is required.
· The assumed superiority of full frequency reuse on spectrum efficiency may not hold for NB-CIoT because the increment of available system bandwidth (from 15 subcarriers for 1/3 frequency reuse to 45 subcarriers for 1/1 frequency reuse in the NB-CIoT system) may not be sufficient to counteract the overall system SINR degradation, as a result of higher inter-cell interference and so an increased noise floor.  
· The extra operations for adaptive channel and interference management in order to alleviate the inter-cell interference may not be affordable by the low-cost, low-complexity and rapidly deployable NB-CIoT system. The extra operations may include but are not limited to (using LTE as an example):
· Inter-cell coordination (e.g. RNTP, OI and HII exchange through X2 interface) ,which usually complicates the scheduling design;
· Fast closed-loop power control;
· More advanced receivers e.g., SIC, at both network and UE sides;
· Frequent measurement and periodic CSI report.
3 Simulations
Preliminary simulations are performed to compare the performance of 1/1 frequency reuse and 1/3 frequency reuse in the NB-CIoT system. The simulation assumptions in Annex D in [2] are followed. 
Figure 1 and Figure 2 depict the geometry distributions respectively for downlink and uplink for the cases of frequency reuse 1/1 and 1/3. The vertical line in each figure represents the SINR value corresponding to the 164 dB coupling loss which is targeted by the SI [1]. From these two figures, it can be seen that when the system is deployed by frequency reuse factor of 1/3, almost 100% of devices can achieve higher than the SINR corresponding to the 164 dB coupling loss for the downlink whilst greater than 98% of devices can achieve the target for the uplink. The percentages fall to 95.7% for downlink and 88.4% for uplink when using frequency reuse factor of 1/1, again targeting 164 dB coupling loss. In another words, a significant portion of devices will not be served or will not be served robustly by the network when using frequency reuse of 1/1. 
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Figure 1．Downlink geometry distributions
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Figure 2．Uplink geometry distributions
Based on the SINR distributions, the mean throughput of the overall system could be roughly estimated according to
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where 
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 obtained by converting the CDF to PDF, [image: image10.png]


 is the system bandwidth which is set to 60kHz for frequency reuse of 1/3 and 180kHz for full frequency reuse (the DC subcarrier and two reserved subcarriers are not excluded) and 
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 is the attenuation factor corresponding the ith order modulation and coding scheme, [image: image15.png]


 is the minimum SNIR of the code set and [image: image17.png]SINR 1%



 is the SINR at which maximum throughput [image: image19.png]


is reached. 
The estimated mean throughput values are shown in Table 1 for both downlink and uplink. The parameters [image: image21.png]
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 are set according to a mapping of MCS (only Class-1 modulation is considered for uplink) and SINR. From Table 1 it can be seen that the frequency reuse of 1/3 can achieve 14.5% and 6.0% higher mean throughput for the overall system compared with the full frequency reuse downlink and uplink respectively. Larger throughput gain is expected by uplink when using frequency reuse of 1/3 if Class-2 modulation is applied due to the support of more aggressive MCSs.
Table 2. Mean throughput comparison of 1/3 and 1/1 frequency reuse
	
	Downlink mean throughput
	Uplink mean throughput

	Frequency reuse of 1/1 (kbps)
	20.03
	12.88

	Frequency reuse of 1/3 (kbps)
	22.94
	13.65

	Throughput Gain for 1/3 reuse (%) 
	14.5%
	6.0%


4 Conclusions
In this document, two typical frequency reuse schemes (i.e. 1/1 frequency reuse and 1/3 frequency reuse) for the NB-CIoT system are evaluated and compared. From the comparisons, it can be seen that frequency reuse of 1/3 can provide better coverage performance and higher spectrum efficiency than frequency reuse of 1/1. This is a consequence of the higher inter-cell interference caused by frequency reuse 1/1.
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