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1 Introduction

In the Work Item (WI) on MTC UEs [1] there are two aspects that have the largest impact on designs for coverage enhancements: the use of 1 Rx antenna and the target for a 15 dB coverage enhancement (for FDD). In 3GPP RAN WG1 #74, it was further agreed that the maximum number of supported layers for downlink and uplink is 1 for low cost MTC UEs and 64QAM is not supported in the uplink.
In RAN1#75, the following are agreed. 

· For UEs in enhanced coverage mode for MTC,

· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
· For UEs in enhanced coverage mode for MTC,

· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.

This contribution considers repetitions of PDSCH and PUSCH, and other aspects on coverage enhancement techniques for PDSCH and PUSCH.

2 Coverage Enhancements for PDSCH
In [2], the MCL calculations for PDSCH in FDD are 145.4dB with a 2x2 configuration of Tx/Rx antennas. For an MTC UE with 1 Rx antenna, the MCL of DL channels will need to decrease by 4 dB and, combined with a reduction in the target coverage enhancement from 20 dB to 15 dB, the coverage enhancement target for PDSCH is reduced by 1 dB to 14.3 dB. 

PDSCH repetition is one of the techniques to enhance coverage for MTC UEs. An MTC UE can indicate to an eNB a number of repetitions it required to detect PDSCH. The eNB can use the indicated information from the MTC UE as one of the inputs for adjusting a coverage enhancement level to the MTC UE for DL channels. 
When PDSCH is repeated, it needs to be defined how a number of PDSCH repetitions can be determined by a coverage limited MTC UE. As mentioned in [3], a number of (E)PDCCH repetitions can be adapted per (E)PDCCH transmission and an MTC UE can perform blind decodings to determine the number of (E)PDCCH repetitions. An MTC UE can derive a number of PDSCH repetitions from a number of (E)PDCCH repetitions the MTC UE decoded to detect a DCI format scheduling the PDSCH and a relative coverage enhancement level required for PDCCH and for PDSCH. The derivation can be based on predefined mapping function. Alternatively, an MTC UE can obtain a number of PDSCH repetitions based on information in a detected DCI format scheduling the PDSCH. A DCI format can include a PDSCH resource field, wherein a one-to-one mapping between each value of the field and a respective number of PDSCH repetitions. Further discussion on how the number of PDSCH repetitions can be determined by a coverage limited MTC UE is needed.

Observation 1: Further discussion on how the number of PDSCH repetitions can be determined by a coverage limited MTC UE is needed. 

PSD boosting, in addition to repetitions, is essential for PDSCH requiring a coverage enhancement of 14.3 dB. For example, assuming 6 RBs, blanking 5 RBs to transmit the packet in 1 RB can provide ~7.5 dB gain in coverage. In practice, the gain will be somewhat smaller as PSD boosting will be limited by interference and OOB emission requirements. Nevertheless, a ~4dB PSD boosting may be considered available (subject to RAN4 confirmation). Combined with CRS boosting (also needed for all other DL channels) and with CRS interpolation across subframes to improve channel estimation, an additional ~2 dB gain can be obtained. Also, in case of 1 Rx antenna and despite Tx diversity, frequency diversity becomes more important and PDSCH transmission can benefit from frequency hopping. Although the exact gain depends on the channel assumptions and small gains may only exist for small bandwidths and relatively flat fading channels, at 10 MHz a gain in the order of 2 dB can be realized [4]. 
Assuming a 4 dB PSD boosting, a ~2 dB gain from CRS power boosting/interpolation, and a ~2 dB gain from frequency hopping, a gap of ~6.5 dB would still remain and about 6 PDSCH repetitions will be needed (assuming 20 Hz frequency error – e.g. [4]). For operation in system bandwidths smaller than 10 MHz, a larger number of repetitions will be necessary. 
Observation 2: Implementation-based techniques (PSD boosting for PDSCH/CRS, frequency hopping) can meaningfully improve PDSCH coverage at large system bandwidths and can significantly reduce the number of required repetitions. 
3 Coverage Enhancements for PUSCH
In [2], the MCL calculations for PUSCH in FDD are 140.7dB and the reduction in the target coverage enhancement from 20 dB to 15 dB directly reduces the coverage enhancement target for PUSCH.
The PUSCH is the coverage limiting channel (in FDD) and requires a 15 dB coverage gain (for transmission over 2 PRBs). One immediate gain of 3 dB is obtained from using 1 PRB which will suffice in most cases (at least for PUSCH transmissions from coverage limited MTC UEs). Assuming a frequency error of 20 Hz, DMRS interpolation for channel estimation across two subframes is appropriate and can provide gain of 1 dB (e.g. [5]). 
Increasing the DMRS density is not desirable as the resulting performance is similar to that achieved by interpolation and the associated impacts on specification/implementation/testing should be avoided for MTC UEs particularly since the conventional DMRS structure would be preferable for non-coverage limited MTC UEs (no need for multiple specifications/implementations of UL DMRS structures, especially for low-cost UEs). 
Frequency hopping can be re-defined to be in pairs or quadruplets of subframes in order to enable DMRS interpolation across 2 subframes while also providing frequency diversity gains (e.g. in the order of ~2 dB similar to PDSCH [4] in case of large system bandwidths and sufficient hopping) for subsequent repetitions (in pairs or quadruplets of subframes). Combining the above gains, a remaining 9 dB gain needs to be provided by repetitions. 

Coherent combining over 4 subframes provides additional 5 dB gains [6] and therefore, 2 or 3 repetitions of a quadruplet of subframes combined with frequency hopping, DMRS interpolation (over 2 or over 4 subframes), and transmission in 1 PRB can provide the target coverage gain of 15 dB for PUSCH. As TTI bundling over 4 subframes is already supported for PUSCH coverage enhancements, the additional specification and implementation impacts of repetitions with frequency hopping (effectively extending the TTI bundling size of 4 subframes) is not significant. Moreover, a basic TTI bundling size of 4 subframes provides sufficient granularity to adjust to various levels of coverage enhancement (e.g. granularity of ~2-3 dB by using 8 subframes instead of 4 subframes, 1-2 dB by using 12 subframes instead of 8 subframes, etc.). 
Observation 3: Cross-subframe DMRS interpolation, frequency hopping, and 2-3 repetitions for quadruplets of subframes suffice to provide the required coverage enhancement for PUSCH with minimal implementation impact. 

4 Conclusions

This contribution considered techniques for PDSCH and PUSCH enhancements to achieve the 15 dB coverage enhancement for MTC UEs. The following observations are made.
Observation 1: Further discussion on how the number of PDSCH repetitions can be determined by a coverage limited MTC UE is needed. 

Observation 2: Implementation-based techniques (PSD boosting for PDSCH/CRS, frequency hopping) can meaningfully improve PDSCH coverage at large system bandwidths and can significantly reduce the number of required repetitions. RAN4 should be consulted for the amount of PSD boosting that can be assumed available.
Observation 3: Cross-subframe DMRS interpolation, frequency hopping, and 2-3 repetitions for quadruplets of subframes suffice to provide the required coverage enhancement for PUSCH with minimal implementation impact. 
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