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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). 

PUCCH coverage enhancement for MTC UEs considers UCI that includes HARQ-ACK, P-CSI, and SR.  
In RAN1#75, the following are agreed.
· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

In addition, the following are working assumptions.

· For UEs in enhanced coverage mode for MTC, 

· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition

· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
This contribution considers the above FFS aspects by considering associated techniques identified during the SI phase or already supported in Rel-11 for UCI coverage enhancements.

2 Coverage Enhancements for PUCCH
HARQ-ACK information can be repeated according to a coverage enhancement level associated with the MTC UE. HARQ-ACK signaling can be transmitted in a PUCCH over a number of subframes configured to the MTC UE from a network by higher layer signaling. A PUCCH resource for an MTC UE to transmit repetitions of a PUCCH conveying the HARQ-ACK information can be configured to the MTC UE from a network by higher layer signaling and can be same for all PUCCH repetitions.
Support for UL HARQ-ACK transmissions will allow an eNodeB to flexibly address variations in a target BLER for coverage limited MTC UEs as an exact target BLER may not be possible to achieve with high reliability without a conservative approach using more repetitions. Moreover, in the absence of CQI feedback, UL HARQ-ACK becomes the only mechanism available to an eNodeB for (open loop) link adaptation other than the much slower RSRP report that can only provide information averaged over a long time period and over a whole bandwidth. 

SR can be supported in the same manner as HARQ-ACK (using repetitions). This is certainly more spectrally efficient than using the four-step contention-based random access process. Latency is also significantly reduced. 
Observation 1: PUCCH support for HARQ-ACK and SR by coverage limited MTC UEs can re-use existing functionalities of LTE UEs (SR repetitions are as for HARQ-ACK). HARQ-ACK signaling can be transmitted in a PUCCH over a number of subframes configured to the MTC UE from a network by higher layer signaling. 

Periodic CSI is not necessary for coverage limited MTC UEs, particularly since HARQ-ACK feedback is provided and an eNodeB can use it to perform (open loop) link adaptation. However, CQI feedback should be supported for non-coverage limited MTC UEs particularly non-stationary ones for which some coarse link adaptation can improve spectral efficiency. Legacy configuration can be used for the CQI feedback to support non-coverage limited MTC UEs.
Observation 2: Legacy configuration can be used for periodic CSI feedback from non-coverage limited MTC UEs.  

In case a coverage limited UE needs to simultaneously transmit HARQ-ACK and data in a PUSCH, HARQ-ACK REs will span all 4 symbols next to the PUSCH DMRS (due to the low data MCS) and the repetition level of the PUSCH will need to increase by a factor 6/4=1.5 as the number of available symbols for data transmission is reduced by 2 per slot. Moreover, assuming PUSCH frequency hopping per 2 or 4 repetitions to obtain similar frequency diversity as for a PUCCH transmission, HARQ-ACK timing will need to change as the number of PUSCH repetitions will need to be at least 7/3 ~=2.5 times more than the number of PUCCH repetitions (in reality, it will be more than 2.5 as there is only one DMRS per PUSCH slot and channel estimation becomes the BLER limiting factor). Considering the above and the fact that HARQ-ACK multiplexing in a PUSCH can be avoided by network implementation for delay tolerant UEs, it is preferable to avoid increasing specification and implementation/testing complexity of coverage limited UEs and not support HARQ-ACK multiplexing in the PUSCH. In case a UE needs to multiplex HARQ-ACK in a PUSCH, either due to network misconfiguration or due to false PDCCH detection, the UE can transmit HARQ-ACK in the PUCCH and drop the PUSCH transmission.
Observation 3: Multiplexing of HARQ-ACK in the PUSCH need not be supported for coverage limited UE.

Finally, considering that high data rates and small latency are not relevant for coverage limited UEs that support delay tolerant applications with transmission of small data packets, the number of HARQ processes can be reduced to provide some small cost savings (~1%) and some small reduction in control overhead. The number of HARQ processes can be reduced to 4 or even less and even having only 1 HARQ process in case of very low data rates (~125 Kbps) can be considered. 

Observation 4: For coverage limited UEs, reducing the number of HARQ processes can offer minor cost and overhead savings for a reduction in the supportable maximum data rate. 
3 Conclusions

This contribution considered PUCCH coverage enhancements for MTC UEs. In particular, the following observations are made. 
Observation 1: PUCCH support for HARQ-ACK and SR by coverage limited MTC UEs can re-use existing functionalities of LTE UEs (SR repetitions are as for HARQ-ACK). HARQ-ACK signaling can be transmitted in a PUCCH over a number of subframes configured to the MTC UE from a network by higher layer signaling. 
Observation 2: Legacy configuration can be used for periodic CSI feedback from non-coverage limited MTC UEs (no repetitions).  

Observation 3: Multiplexing of HARQ-ACK in the PUSCH need not be supported for coverage limited UE.

Observation 4: For coverage limited UEs, reducing the number of HARQ processes can offer minor cost and overhead savings for a reduction in the supportable maximum data rate. 
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