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1. Introduction

The main objective of the LTE Coverage Enhancement SI [1] is to identify any potential issues due to coverage bottlenecks/imbalances between control and data channels, uplink and downlink, or initial access and data transmission. In this contribution we provide the summary of our evaluations and study item conclusions.
2. Discussion
The work on the LTE Coverage Enhancement SI has been started from the evaluation of different LTE physical channels in DL and UL and for different data rates with the main focus on low/medium data rates and VoIP traffic. Based on the agreed evaluation assumptions [2] it was shown that LTE coverage is limited by uplink [3]-[4] and that there are no critical imbalances between different DL and UL data and control channels. Among all considered channels the coverage bottlenecks have been identified in PUSCH for VoIP and medium data rate services. 
The coverage friendly transmission modes in LTE uplink are based on the PUSCH TTI bundling mechanism which was introduced in LTE Rel.8 and was mainly designed for UL coverage enhancements of low data rate traffic and VoIP. According to the current specification the TTI bundling transmission has a number of restrictions:
· One bundle occupies 4 time-consecutive TTIs;

· Modulation is restricted to QPSK;

· Frequency resource allocation size is limited by 3 PRBs;

· Maximum TBS is limited to 2216 bits;
· HARQ round trip time (RTT) is 16 TTIs.

As it was agreed by RAN1 WG, the potential PUSCH coverage improvements should be based on possible enhancements of PUSCH TTI bundling transmissions with respect to uplink VoIP and medium data rates services [4]. The multiple enhancements have been considered including configurable TTI bundling size, reduced RTT time and relaxation of TTI bundling TTI constraints. The evaluation analysis of all these options in application to VoIP and PUSCH medium data rate service can be found in [6]-[8] and [9]-[10], respectively. The brief summary of our evaluations are presented in the next section where we draw conclusions on the LTE Coverage Enhancement SI.
3. Proposed Conclusions
The evaluations conducted in the framework of LTE Coverage Enhancement SI have shown that:
· The LTE coverage performance is well balanced in terms of data and control channels in each of the transmission directions either DL or UL. No critical issues have been identified.

· The LTE coverage is limited by uplink which is expected due to UE transmit power limitations. The coverage bottlenecks identified for PUSCH medium data rate and VoIP services are quite natural and can be expected.

· Further evaluations of PUSCH TTI bundling enhancement to improve coverage of the VoIP and medium data rate have shown that:

· For VoIP services, the reduction of RTT time in TTI bundling mode can improve coverage on about 1dB comparing to existing solution. The other methods based on the extension of TTI bundle size can also improve coverage under assumption of lower latency but have lower absolute coverage due to reduced time diversity comparing to the existing solution.

· For medium data rates, the relaxation of TTI bundling constraint in terms of maximum number of PRBs can help to improve coverage of TTI bundling modes. However, the similar maximum coupling loss levels can be achieved for single TTI transmission modes. It was observed that support of medium data rates in TTI bundling modes is beneficial in terms of reduced control signaling load and the amount of HARQ retransmissions.
Proposal: Capture the presented conclusions on LTE Coverage Enhancement SI in the technical report.
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