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1 Introduction
The updated SID on low cost MTC [1] was agreed in RAN#57 plenary meeting, in which 20dB improvement in coverage is targeted for low cost MTC UEs “A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs”. A new section (section 9) is inserted in TR 36.888 to capture the new coverage requirement issue.
This document provides a Text Proposal on conclusion for coverage improvement for low cost MTC UEs in section 10.
2 Text Proposal
----  START OF TEXT PROPOSAL ----
10
Conclusion and recommendations

Cost reduction techniques have individually been analyzed in clause 6 and further cumulative reduction has been analyzed, for cost reduction and coverage impact in clause 7 of this TR. 

There are uplink and/or downlink coverage impacts for some of the proposed cost reduction techniques. E.g. Reduction in uplink transmit power significantly impacts uplink coverage performance and single receive RF chain impacts downlink coverage performance. 

Uplink transmit power reduction impacts UL spectral efficiency in comparison to normal LTE operation. Single receive antenna may have impact on DL spectral efficiency depending on the frequency band and antenna performance in comparison to normal LTE operation. Spectral efficiency for both UL and DL is expected to be better for low data rate MTC traffic with either or both of these techniques compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today.
Some bandwidth reduction options have relatively large impact on specification of Radio Interface architecture and protocols; some of these aspects may be covered by the Enhanced DL control channel(s) work item. Reduced uplink transmit power and single receive RF chain may have relatively large impact for specification of radio performance aspect's. 

No eNodeB hardware upgrade is envisaged for any of the studied techniques. Support of cost reduction techniques is also envisaged to reduce power consumption cumulatively. Among the techniques studied, except for half duplex FDD, no other techniques result in degradation to latency for HARQ operation. 

Bill Of Material cost of LTE UE modem would be comparable to EGPRS modem if e.g. downlink bandwidth is reduced to 1.4 MHz, if downlink transmission modes are reduced, half duplex FDD is adopted, peak data rate is reduced with TBS restricted to 1000 bits and Single Rx chain is adopted.
Among the three techniques studied for peak data rate reduction, reduction of maximum transport block sizes for DL and UL (technique 1) has higher cost savings compared to other two techniques. Note that technique 3 (“restricting the maximum modulation order”) is not a recommended technique. 

At least Peak rate reduction with TBS restricted to 1000 bits and bandwidth reduction with transmission bandwidth reduced to 1.4 MHz are recommended as cost reduction techniques for low cost MTC UE. Transmission bandwidths of 3MHz and 5 MHz are not excluded if there is severe degradation in coverage when combined with other techniques e.g. single receive RF, though it is desired to preserve the cost savings. Half duplex FDD is expected to be supported at least as an optional feature for UE category specified for low-cost MTC devices. Since peak uplink transmission power reduction cannot meet the coverage requirements defined in the study item: it is not recommended as a cost saving technique for a low cost MTC device. In addition, coverage reduction should be entirely compensated to ensure same service coverage as LTE for the coverage limiting channel(s) with other techniques as a pre-requisite for adopting single receive RF chain or combinations including them. 
In addition, it is recommended to introduce an MTC-specific UE category and to restrict any MTC-related low-cost adopted technique to this new UE category only, as described in section 8.1.
Coverage improvement for MTC UEs experiencing greater penetration losses up to 20dB has been put forward in section 9, where in the first place the coverage analysis targeting category 1 UEs at the data rate of 20 kbps is given to show the overall amount of compensation and resultant compensation of each channel with reference to the MCL table. Not all UEs require the same amount of compensation, and the amount of compensation should be adjusted based on the UE’s actual coverage status.
The concepts of relevant techniques for coverage improvement are explored in the section 9.4, including link-level solutions, small cell solutions and additional techniques (e.g., directional antennas, and external antennas). In section 9.5, a technique-to-channel mapping table is given and the coverage improvement techniques for various physical channels are analyzed. It can be observed that the coverage improvement requirement for each channel can be met with an individual technique or combined techniques. Note that PHICH and PCFICH may not be required for coverage limited MTC UEs, so that coverage improvement techniques for PHICH and PCFICH are not analyzed.
With the coverage improvement requirement of up to 20 dB, diminishing returns can be observed from simulation results for each channel, especially within the range of 15dB/17dB to 20 dB. Accordingly, the amount of occupied resources (e.g., the amount of repetitions) can be significantly reduced after relaxing coverage improvement requirement by several dBs. Also, from specification impacts point of view, less specification efforts can be expected if coverage improvement requirement is relaxed to a certain figure. For example, new PBCH design may not be needed if coverage improvement requirement is lowered to 15dB. Operators can select an appropriate amount of coverage improvement requirement according to the balance between overall costs, the availability of supplemental techniques, and the coverage needs. 
----  END OF TEXT PROPOSAL  ----
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