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1
Introduction
In [1], we presented motivation and general principle of enhancements to small cells for MTC. In this contribution, we present system analysis to compare coverage with and without the enhancements to small cells. 
2
System Analysis with Enhancements to Small Cells for MTC
2.1. Simulation Assumptions
For system-level evaluation, we consider two different deployment models: 
1. the standard D1 layout, which is the 3GPP D1 non-LOS layout (model 1 in 36.814 [2]); 
2. high penetration loss D1 layout, a modified version of the 3GPP D1 non-LOS layout, in which 20% of the UEs have a high penetration loss of 45 dB to model coverage limitations for the devices in the basement. 
We evaluate the Up-Link (UL) and Down-Link (DL) coverage for these models with the different scheme of operations that yield different association schemes [1]:
1. Best Downlink association, where MTC devices are associated with the cells with the highest DL signal strength.
2. Decoupled DL-UL operation, where MTC devices can associate with different cells for DL reception and UL transmission. 
For the UL we consider the PL to the UL serving cell, and for the DL we consider the geometry (carrier to interference plus noise ratio – DL C2IN). For the purpose of coverage analysis, we use the 1%ile of the UL PL and 1% of the DL coverage, as evaluation metrics.

2.2
Simulation Results
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Figure 1: PL to UL serving cell for Standard D1 layout
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Figure 2: PL to UL serving cell for high penetration loss D1

Figure 1 and Figure 2 illustrate the UL coverage with low power node (LPN) densification for the standard and high penetration loss D1 layout, respectively. We observe that with 20 LPNs, we gain approximately 7 dB in UL PL for the standard D1 scenario, and with 40 LPNs, we gain approximately 10 dB in UL PL for the high penetration loss D1 scenario. Since the decoupled operation provides the same DL coverage as the best DL association, there is no loss in DL coverage. 
Note that these LPNs and MTC devices are randomly distributed around the cells. This is to simulate the case where LPNs are mainly deployed for capacity enhancements, rather than specifically for MTC coverage enhancements. 
3
Conclusion

In this contribution, we presented system simulation results comparing MTC coverage with and without decoupled DL and UL operation. These results show that even with random distribution of the LPNs, significant gain is achieved when we leverage the small cell deployments. Large link budget improvement for all uplink channels is achieved by associating to the cell with the least path loss. Based on these results, we propose to study further the enhancements to small cells for MTC coverage enhancements. Detailed enhancement techniques and text proposals for the SI report are described in [1].  
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