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1
Introduction
For MTC, 20dB link budget improvement is required to provide coverage for the meters deployed in the basement. Some of the meters have power supply, while others such as gas meters are operated on battery. One obvious way to increase coverage is to extend the transmission time, e.g. bundling by ~100 times, but such extended bundling has large impact on system efficiency and power consumption [1]. 
So far, the MTC coverage enhancement is mostly focusing on a single link between one eNB and one MTC device. An alternative approach is to leverage the current deployment trend and other RAN1 design topics of HetNet, CoMP, and small cells. In [2], we proposed enhancements to small cells for all uplink channel link budget improvement. As shown in [3], with these enhancements, ~10 dB link budget improvement can be achieved in the simulated cases. 

In this contribution, we discussion data channel coverage enhancements based on TTI bundling approach, while in [2,3], we discuss the enhancements to small cells.

2
Considerations for Data Coverage Enhancements 
For DL channels, two approaches have been discussed for coverage enhancements:

· Power/PSD boosting: eNB can schedule fewer users, and provide more frequency resources or boost PSD to the MTC device. 

· This impacts the spectral efficiency of the overall system

· If all MTC devices can wait until quiet time of the system, e.g. after midnight, such scheme has little impact on capacity
· For an interference-limited UE, PSD boosting of the desired signal while also PSD boosting of the interfering signals would not improve SINR. However,  since the link budget limited UEs are thermal limited, not interference limited, PSD boosting will retain the link budget benefits
· TTI bundling: eNB extend the transmission time for MTC by defining new bundled transmission for PDSCH and PDCCH. 

· Since MTC will not be able to reliably detect PCFICH, throughout the bundled transmission, control symbol span will have to be fixed. 

· In order to achieve 20 dB enhancements, large TTI bundling size is needed. Practical limitations such as channel estimation, phase noise and tracking loop imperfection need to be considered. 
· Power consumption of the MTC device will significantly increase compared with single TTI transmission with power boost. 

· Significant specification effort is needed for new bundled PDSCH/PDCCH channels. 

Comparing the two approaches above, power/PSD boosting is prefered for DL coverage enhancements since the specificaiton and implementation impact is smaller. 

For the UL channels, since UE in link budget limitation is already transmitting at peak power, we can’t power boost. For TTI bundling approach, we need to consider the following practical constraints:

· Transmission at peak power for extended period of time will consume a lot of MTC device power. For battery operated devices, this will be a main limitation. 

· System efficiency is an issue unless these coverage limited devices can always wait until the quite time. 

· As shown in [1], practical constraints such as phase noise, tracking loop and channel estimation performance will need to be considered to determine the achievable gain in extended bundling.

Alternative approach such as decoupled DL UL operation can be used for all uplink coverage enhancements [2,3]. 

Based on these discussions, we make the following observations:

Observations:
1. For PDSCH, power boosting can be considered for coverage enhancements. 

2. For PUSCH, practical contraints such as power consumption and implementation constraints need to be considered for extended TTI bundling

3. For network deployment with small cells, other techniques should be considered to improve link budget for all UL channels [2,3]
3
Conclusion

In this contribution, we presented our view on data channel coverage enhancements. We make the following observations: 
Observations:

1. For PDSCH, power boosting can be considered for coverage enhancements. 

2. For PUSCH, practical contraints such as power consumption and implementation constraints need to be considered for extended TTI bundling

3. For network deployment with small cells, other techniques should be considered to improve link budget for all UL channels [2,3]
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