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1. Introduction

In this contribution, we discuss the framework and techniques for providing coverage enhancement on the data channels.
2. Data Channel Coverage Enhancement

On the PDSCH, both repetition and PSD boosting can be used. At very low SINR, PSD boosting of the PDSCH may not provide significant gain due to poor channel estimation but can still be useful as a complementary method. Furthermore, since only QPSK modulation will likely be used for PDSCH transmission in coverage-limited scenarios, the UE does not need to know the PSD boosting level. Thus PSD boosting can be done as a network implementation. On the PUSCH, PSD boosting is not possible beyond concentrating all its power in a single PRB. Thus the PUSCH must rely on repetition for coverage enhancement.
For both PDSCH and PUSCH, frequency diversity (e.g. through distributed allocation or frequency hopping) can be used to provide some performance gain. Results from [1] showed that a gain of 0.5-1.5dB is possible when distributed transmission is used.
In LTE, repetition is already supported in the uplink via TTI bundling. Therefore, TTI bundling should be the default coverage enhancement mechanism. For MTC coverage enhancement, extending TTI bundling to the downlink and to support additional bundle sizes would be required. However, these changes should be straightforward given the existing TTI bundling framework.
Proposal: PDSCH/PUSCH coverage enhancement is supported through TTI bundling. Complementary techniques such as frequency hopping (PDSCH/PUSCH) and PSD boosting (PDSCH) can be used. 
To support scalable coverage enhancement, multiple repetition factors corresponding to different coverage enhancement levels should be defined (e.g. 5, 10, 15 dB). Initially, the UE may be preconfigured with a default repetition factor based on PRACH access (e.g. based on the PRACH repetition factor selected by the UE). Afterward, the UE can be configured to use one of the repetition factors based on measurement reports (e.g. RSRP/RSRQ or long-term CQI). This could be done in a semi-static manner through higher-layer signalling.

Proposal: TTI bundling size should be semi-statically configured. Define multiple bundle sizes corresponding to different coverage enhancement levels.
Results from [2] showed that pilot boosting can significantly improve PDSCH performance. By boosting the downlink pilot by 3dB, approximately 1-1.5 dB gain can be achieved. Thus, pilot boosting can be used as a complementary technique in the downlink. In the uplink, pilot boosting is not possible. However, it can be beneficial to increase the DMRS density.  This would provide a trade-off between improved channel estimation performance versus coding redundancy loss.  An example of this gain is shown in Figure 1 where additional SC-FDMA symbols have been used for DMRS. In this case, the gain is approximately 0.6 – 1.0 dB which may be attractive enough to consider this technique further. In addition, the gain may be larger at lower SNR and other DMRS configurations may provide larger gains.
Proposal: Consider increasing the DMRS for PUSCH to help with channel estimation.
3. Conclusions
In this contribution, we examine coverage enhancement of the data channels and provide several proposals as follow –

· PDSCH/PUSCH coverage enhancement is supported through TTI bundling. Complementary techniques such as frequency hopping (PDSCH/PUSCH) and PSD boosting (PDSCH) can be used.
· TTI bundling size should be semi-statically configured. Define multiple bundle sizes corresponding to different coverage enhancement levels.
· Consider increasing the DMRS for PUSCH to help with channel estimation.
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Figure 1.  PUSCH performance with increased DMRS, single subframe channel estimation.

