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pCR 45.820 NB-CIoT – Evaluations of Frequency Reuse
1 Introduction

This document provides the evaluation results of different frequency reuse schemes for NB-CIoT system. Detailed discussions and analysis on the proposed changes are in [1].
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.3.5
Radio resource management

[details omitted]
7.3.6
Concept evaluation
7.3.6.1
Coverage evaluation
[details omitted]
7.3.6.8
Frequency reuse
7.3.6.8.1
Simulation settings
Two frequency reuse schemes: frequency reuse of 1/3 and frequency reuse of 1/1 (also referred as a full frequency reuse), within the 200 kHz allocation are evaluated. Full-buffer traffic model is employed to acquire the geometry distributions. The simulation assumptions in Annex D are followed. 
7.3.6.8.2
Coverage performance
Figure 7.3.6.8-1 and Figure 7.3.6.8-2 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. 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.  
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Figure 7.3.6.8-1．Downlink geometry distributions
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Figure 7.3.6.8-2．Uplink geometry distributions
7.3.6.8.3
Spectrum efficiency
Analytical evaluations of spectrum efficiency are performed for both frequency reuse of 1/3 and frequency reuse of 1/1. Based on the SINR distributions, the mean throughput of the overall system is roughly estimated according to
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where 
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 is the probability of [image: image8.png]SINR



 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 7.3.6.8-1 for both downlink and uplink. The parameters [image: image21.png]
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, [image: image25.png]SINR 1%
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 are set according to a mapping of MCS (only Class-1 modulation is considered for uplink) and SINR. From Table 7.3.6.8-1 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 for downlink and uplink respectively. 
Table 7.3.6.8-1. 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%


7.3.6.8.4
Conclusion
The following conclusions may be drawn from the evaluations: 

-    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.
-    Frequency reuse of 1/3 provides higher spectrum efficiency than full frequency reuse for NB-CIoT because the increment of available system bandwidth by full frequency reuse is not sufficient to counteract the overall system SINR degradation, as a result of higher inter-cell interference and so an increased noise floor.  
Additionally in order to alleviate the inter-cell interference for full frequency reuse extra operations for adaptive channel and interference management (e.g. X2 based inter-cell coordination, fast closed-loop power control, SIC receiver, frequent measurement and periodic CSI report in LTE)  may not be affordable by the low-cost, low-complexity and rapidly deployable NB-CIoT system.
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[1] GP-150736, “NB-CIoT-Discussions on Frequency Reuse”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd, GERAN#67.

