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1 Introduction
At the RAN#57 plenary meeting it was agreed to continue work on the study item “Provision of low-cost MTC UEs based on LTE” [1] in Release-12. The initial study item scope [1] was revised to include studies on potential coverage improvement techniques targeting 20dB coverage enhancements for low-cost MTC terminals [2]-[3] comparing to “normal/non-MTC UEs”. This document provides our views on the proposal to identify solutions for significant coverage improvement of “low cost MTC terminals” comparing to “normal/non-MTC LTE UEs”.
2 Discussion
2.1 Discussion on Target Requirements and Technical Issues

The identified MTC cost reduction strategies (e.g. single RF chain, bandwidth reduction, etc.) degrade link budget characteristics of MTC terminals comparing to legacy LTE UEs. Depending on the set of applied cost reduction strategies and channel propagation characteristics, the coverage gap between legacy UE and low-cost MTC devices may be in the range of 3-8dB or higher. In order to close this gap and further improve system coverage by 20dB, the overall link budget improvements in the order of 23-28 dB may be required.
Observation 1: More than 20dB coverage improvement for low-cost MTC terminals will be needed to compensate the coverage gap caused by adoption of the cost reduction strategies identified by RAN1 WG.
The previous RAN1 WG studies conducted in the LTE Rel.-11 Coverage Enhancements study item [4] have shown that LTE physical channels in both DL and UL transmission directions are well balanced and there is no significant gap in link budget characteristics of control and data channels with low data rate requirements. Analyzing the maximum coupling loss results summarized in [4], it can be concluded that difference between maximum coupling loss for control and data channels is not significant and is in the range of 142-148 dB. This fact leads to the second observation:
Observation 2: The 20 dB coverage improvements in data channels will require the similar level of coverage enhancement for DL and UL control channels (e.g. PDCCH, PHICH, PUCCH, PRACH), synchronization and reference signals.
To achieve the target 20dB coverage improvement for low data rate and latency-tolerable MTC traffic the main technical challenge will be to achieve balance among the DL/UL data and control channels, synchronization signals, reference signals and processing of system information messages. Although such dramatic coverage improvement can be technically achieved, substantial modifications in current LTE specification will be required.

Observation 3: The proposed target requirement to improve MTC coverage by 20 dB compared to “normal UEs” would require major change and re-design of physical layer specification for low-cost MTC devices.
2.2 Potential Solutions for Coverage Improvement
The 20 dB coverage enhancement of data channels can be achieved by increasing the energy per information bit via accumulating signal energy over multiple subframes. The current LTE specification already supports robust transmission with very low effective code rate (~1/10). For instance in case of UL VoIP service the coverage limited UE may be configured to operate in TTI bundling mode (i.e. use low order QPSK modulation, small transport block sizes, allocation spanning 4 consecutive subframes). In this mode, UE fully extracts UL sub-channelization gain by allocating maximum power to a narrow part of UL spectrum. Additional processing gains are achieved from combining consecutive HARQ retransmissions. As it was shown in previous evaluations [4], the coverage performance of VoIP service in PUSCH channel is only a several dB worse comparing to the performance of DL and UL control channels and there is no 20dB margin. Thus further substantial coverage improvement (i.e. 20dB) of data channels seems to be impractical unless the control channels with significantly improved coverage characteristics are supported.
Assuming that physical structure of LTE waveforms in DL and UL is preserved, the signal processing gain of 20dB may be potentially achieved by applying some sort of repetition, or code division multiplexing techniques that spread small portion over multiple resources. In this case the signal processing gain will be mainly determined by the repetition/code length size. These techniques are likely to require revisiting/changing the resource allocation in LTE specification, since one allocation is likely to span multiple frames.
Observation 4: The 20 dB coverage improvement will require substantially increased transmission duration which is not well aligned with the existing LTE physical frame structure and resource allocation design.

2.3 Impact on Spectral Efficiency
The coverage enhancement always comes at the expense of spectral efficiency loss. The usage of code division multiplexing techniques allows allocation of multiple MTC terminals on the same resources; however, the significant portion of physical resources will be consumed by transmission to/from MTC terminals that will adversely affect the spectral efficiency of the whole network.

3 Conclusions
In this contribution we have analysed the proposal to improve coverage of low-cost MTC terminals by 20dB compared to “normal LTE UEs”. Our analysis shows that significant coverage improvement is problematic, even if latency constraints and data rate requirements are relaxed. The target requirement to improve coverage of data channels by 20dB will introduce coverage imbalance between data and control physical channels. The work on additional 20dB coverage improvement requires revisiting/changing the main physical layer aspects and will require substantial efforts and modifications in LTE specifications across several RAN WGs (RAN1, RAN2 and RAN4). 
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