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1 Introduction
After RAN1#72bis, several text proposals for coverage enhancements of MTC UEs, including analysis of each physical channel, were agreed over the RAN1 email reflector [1-7]. In this contribution, in order to provide an input for the discussion on the TR conclusion at RAN1#73, a concise text proposal on the coverage enhancements is proposed. 
2 Text proposal
The text proposal for clause 10 of the TR is provides as follows.
----  START OF TEXT PROPOSAL ----
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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.
Techniques for coverage enhancements of physical channels and signals for MTC UEs in the extreme coverage scenario with 20 dB path loss have been analyzed in clause 9. 

For PSS/SSS, the coverage improvement can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time. Furthermore, PSD boosting can be additionally considered. A new PSS/SSS signal may need to be considered if the longer sync acquisition time and associated power consumption increase are deemed unacceptable.
For PBCH, the coverage requirement may be addressed by a combination of repetition of the current PBCH in subframe #0 of a radio frame in every subframe of that radio frame and with PSD boosting within 40 ms or by a new PBCH design.
For PRACH, the coverage requirement can be achieved by preamble repetition, new preamble format, and relaxed PRACH requirement. PSD boosting can be considered as a complement to the other techniques.
For (E)PDCCH, the coverage requirement can be achieved by repetition of (E)PDCCH across multiple subframes in conjunction with other techniques such as PSD boosting, compact DCI format, higher aggregation level in order  to reduce the required number of repetitions.
For PDSCH, the coverage requirments can be met by time domain repetition. In addition, RS power boosting and/or increased RS density can further improve the channel estimation performance (also applicable for EPDCCH).
For PUSCH, the coverage requirments can be met by repetitions. PSD boosting can reduce the number of repetitions. Increased DMRS density can also reduce the number of repetitions. In addition, frequency hopping (during repetition), shorter CRC length, and code spreading can be considered to improve coverage.
For PUCCH, time domain repetition can be applied for coverage improvement. In general, the necessity of supporting PUCCH for MTC UEs in extreme coverage scenario can be further considered. 

Whether to always use the same method for the transmission of a channel/signal regardless of the amount of coverage required by an MTC UE or adjust that method based on the amount of required coverage can be further considered.
----  END OF TEXT PROPOSAL ----
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