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1 Introduction

In the RAN #60 plenary meeting, a relative LTE coverage improvement – corresponding to 15dB for FDD – for a new UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage was agreed [1]. Given single RF chain is introduced, the coverage improvements for PDSCH and PUSCH are14.3dB and 15dB, respectively. In order to boost data channels coverage, repetition and TTI bundling for applicable channels are captured in WID. In addition, retransmission is available by default. This contribution will further discuss coverage improvement for data channels. 
2 Coverage improvement for PDSCH
Current LTE already has some coverage enhancement, where in the UL repetition is implemented via TTI bundling of 4 subframes, with retransmission to stop transmitting when eNB has correctly received the block. The coverage enhancement for MTC can extend these principles, using additional TTI bundle sizes. For ease of description, the TTI bundling terminology can also be applied in the downlink. 

The key design factor is to determine the proper TTI bundle size. On the condition of a certain number of subframes’ transmission to reach a coverage improvement target, a larger TTI bundle size leads to less number of bundles, which can resultantly reduce the amount of scheduling control signaling for a transport block during its HARQ process if one scheduling control signaling for each bundle is assumed. Whereas a larger TTI bundle size could possibly decrease the benefit from early termination of transmission as bigger bundle contains more subframes at a time, and also decreases the adaptability to various coverage requirements. In addition, the impact of a missed or incorrectly decoded control channel may also need to be considered.
The bundle size may be determined by different coverage improvement levels so as to achieve a good balance between early termination and the amount of control resource. The overall coverage improvement requirements may be classified into several levels, for example, 5dB, 10dB and 15dB. Table 1 shows a bundle size example with respect to different coverage improvement levels.
Table 1 Bundle size with respect to different coverage requirements
	Coverage requirement
	Bundle size/performance gains

	5dB
	4/4.3dB

	10dB
	16/9.3dB

	15dB
	52/14.3dB

	Note: Single Rx is assumed, and other simulation assumptions are the same with Table 9.5.6.1-2 in the TR 36.888


The code rate of coverage limited MTC UEs locating in extreme scenarios would be very low to achieve better demodulation performance. Given the maximum downlink bandwidth is limited to 6 PRBs, the TB size should be small enough to fit into the narrow bandwidth with the targeted low code rate. The very small TB size in the first place will potentially affect the channel coding gain; what’s more, it also needs MTC traffic packets to be split into multiple smaller segments, which will lead to more RLC/MAC header and CRC overhead. 
Multiple subframe transmission may be considered in order to achieve better channel coding gain and to reduce the RLC/MAC header and CRC overhead. That is, a larger TB is selected and mapped to multiple subframes rather than a small TB restricted into one subframe. By this approach downlink control channel resources can also be reduced due to the fewer segments/TBs.
Proposal 1: TTI bundling should be introduced to PDSCH and the bundle size for downlink may be determined by different coverage levels.

In study item, channel estimation accuracy was identified as a key point of seriously impacting the demodulation performance and accordingly the number of repetitions. As a result, RS power boosting and/or increased RS density may further improve the channel estimation performance. In [2], initial evaluation results show that “about 1dB gain from 3dB CRS power boosting or doubled CRS density.” Given that CRS density may result in substantial specification efforts, CRS power boosting should be used.
3 Coverage improvement for PUSCH

TTI bundling already exists in PUSCH with a fixed number of 4. Like PDSCH, the bundle size for PUSCH may also be determined by different coverage levels and the current bundle size may be extended. 
In [2], an observation shows that “Selection of TBS needs to consider the spectral efficiency and channel coding gain”. As discussed in section 2, multiple subframe transmission could reduce CRC overhead and downlink control channel resources as well as potentially improve channel coding gain. So this approach can also apply to PUSCH.
Proposal 2: The bundling size for PUSCH may be determined by different coverage levels. 
In [2], initial evaluation results show that “about 20% ~ 30% repetition can be saved by using 1 PRB than 2 PRBs”. It is expected that only 1PRB will be scheduled for PUSCH transmission in most cases. In this case, the short length of DMRS sequence may bring degradation to channel estimation. A straight forward way is to increase DMRS density. Note that this technique is not excluded in the WID, it could be considered after other progress is made.
Proposal 3: Increased DMRS density could be considered for PUSCH coverage enhancement.

4 Conclusions
In this contribution, the following proposals are given based on the analysis for data channel coverage improvement: 
Proposal 1: TTI bundling should be introduced to PDSCH and the bundle size for downlink may be determined by different coverage levels.

Proposal 2: The bundling size for PUSCH may be determined by different coverage levels. 
Proposal 3: Increased DMRS density could be considered for PUSCH coverage enhancement.
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