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1 Introduction

In the WI description [2], it is captured as follows: 
· “Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage”. 
So, it is clear that RAN1 has to specify coverage enhancement techniques that can handle up to 15dB improvement at least for FDD mode. In general, UEs are in different locations and experiencing different channel conditions, therefore it is desirable that the amount of coverage improvement should be tailored for each UE’s situation, more specifically UE specific transmissions of PDSCH and PUSCH. 
In this contribution, we discuss the PDSCH and PUSCH coverage enhancement techniques for low cost MTC and then provide some proposals.

2 Discussion of PDSCH and PUSCH coverage enhancements for low cost MTC
During the SI phase, extensive discussions and evaluations have already taken place and most of the techniques, performance results and conclusions are captured in TR 36.888. So, in this work item, the PDSCH and PUSCH coverage enhancement techniques that could achieve the required coverage improvement have to be carefully decided and specified.
The main candidate technique for PDSCH and PUSCH is the repetition in time domain with some additional techniques such as RS power boosting, PSD power boosting, cross-subframe channel estimations and frequency diversity transmissions (e.g. hopping or distributed transmissions).
Repetition in time domain: As already evaluated in the SI phase [1], repetition in time domain can achieve the required target coverage improvement. However, for the worst case scenario, the amount of repetitions needed for PDSCH/PUSCH is very excessive causing significant cell spectral efficiency degradation as well as more UE power consumption. Nevertheless, as each UE’s coverage level can be assumed to be known at the eNB from the initial PRACH repetition level or reported RSRP measurements, it is preferable to have different amount of repetitions targeting different levels of PDSCH/PUSCH coverage improvements, for example 5dB, 10dB and 15dB.
Proposal 1: Consider different amount of repetitions targeting different levels of PDSCH/PUSCH coverage improvements. 

The form of repetition can be TTI bundling or HARQ retransmissions. HARQ retransmission introduces delays for each retransmission as well as multiple decoding attempts at the receiver, so it seems that repetition using HARQ retransmissions is not so attractive compare to TTI bundling. TTI bundling in consecutive subframes with single decoding attempts at the receiver is inline with current LTE specifications.
To reduce the amount of repetitions that have significant impact on cell spectral efficiency as well as UE power consumption, some of the following additional techniques could be applied:

· RS power and PSD boosting are currently supported in LTE downlink which improves the PDSCH performance. However, if higher boosting is required, some discussion is needed how much boosting is possible and its RAN4 impacts. For PUSCH, we assume that UE is already using its maximum power, so there may not be any further power boosting applicable.  
· Cross-subframe channel estimation in which data is transmitted on same consecutive RBs in time domain may improve the channel estimation and as a result improves PDSCH/PUSCH decoding performance.
· Frequency diversity transmission: while cross-subframe channel estimation may be useful, but there is also a clear benefit from diversity transmission such as frequency hopping or distributed transmission. Frequency hopping and distributed transmission during repetitions have shown a gain of up to 2dB [8] and 1.5dB [9] respectively. Therefore, by getting a right balance between the cross-subframe channel estimation and diversity transmissions, it should be possible to harvest both of these gains. One example is to transmit pair of PRBs or quadruplets of PRBs in consecutive manner of subframes and then change or hop the next pair or quadruplets of PRBs into different frequency locations. However, further investigation is needed how to integrate the new frequency diversity schemes with the existing schemes.
· Increased DMRS density for PUSCH: It has been shown that increased DMRS density (e.g., doubled DMRS symbols) can improve the accuracy of the channel estimation, and also reduce the number of repetitions to achieve coverage gain [7, 4]. So, increased DMRS density can be considered for PUSCH.
Proposal 2: For PDSCH, consider TTI bundling and some additional techniques in order to reduce the amount of repetitions that have significant impact on cell spectral efficiency as well as UE power consumption, such as RS power and PSD boosting, cross-subframe channel estimation and frequency diversity transmission. 

Proposal 3: For PUSCH, consider extended TTI bundling and some additional techniques such as cross-subframe channel estimation, frequency diversity transmission and increased DMRS density. 

Conclusion

In this contribution, we have discussed the PDSCH and PUSCH coverage enhancement techniques for low cost MTC and we have the following proposals: 
Proposal 1: Consider different amount of repetitions targeting different levels of PDSCH/PUSCH coverage improvements.
Proposal 2: For PDSCH, consider TTI bundling and some additional techniques in order to reduce the amount of repetitions that have significant impact on cell spectral efficiency as well as UE power consumption, such as RS power and PSD boosting, cross-subframe channel estimation and frequency diversity transmission. 
Proposal 3: For PUSCH, consider extended TTI bundling and some additional techniques such as cross-subframe channel estimation, frequency diversity transmission and increased DMRS density. 
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