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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). 

Legacy UEs use PUCCH to transmit UCI that includes HARQ-ACK, P-CSI, and SR.  This contribution considers which UCI, if any, is needed for coverage limited MTC UEs and also considers associated techniques identified during the SI phase or already supported in Rel-11 for UCI coverage enhancements.

2 Coverage Enhancements for PUCCH
For UL HARQ-ACK transmissions, a coverage enhancement of 8.5 dB is needed. Rel-8 already supports 6 repetitions for PUCCH format 1a offering a coverage gain of ~7.5 dB. A coverage gain of 8.5 dB can be achieved by ~2 repetitions of a quadruplet of coherently combined PUCCHs. For 36 resources per PRB (assuming a channel without large time dispersion for coverage-limited UEs, such as an AWGN/Ricean/EPA channel), the resulting total overhead is ~1/4 PRB or ~2%-3% of PUSCH resources for the same MTC UE (worst case scenario assuming fully dedicated resources for PUCCH transmissions from coverage limited MTC UEs). The specification impact is trivial as only one additional value of ~8 PUCCH format 1a repetitions needs to be defined and there is no additional functionality relative to conventional LTE UEs. 

UL HARQ-ACK feedback allows for avoidance of higher layer ARQ and RLC retransmissions for PDSCH, similar to PUSCH transmissions for which a detection outcome is obviously known to an eNodeB (PHICH is not required as the NodeB can trigger adaptive retransmissions without involving higher layer ARQ). Relying on RLC ARQ for PDSCH retransmissions will require a lower target PDSCH BLER for PDSCH in order to avoid a large number of RLC ARQ retransmissions. This requires more PDSCH repetitions, much larger DL overhead than the UL overhead for HARQ-ACK transmissions, and is even likely to result to larger latency. 

Support for UL HARQ-ACK transmissions will also 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; otherwise, as previously mentioned, RLC retransmissions can easily lead to larger overhead and latency compared to the ones associated with HARQ-ACK feedback. 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. It is currently not clear whether RSRP can be measured with adequate accuracy at the lower SINRs of the coverage enhancement range in order to provide appropriate scalability to the number of repetitions needed to achieve the coverage enhancement target for a given MTC UE [2].  
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. 
CQI is not necessary for coverage limited MTC UEs, particularly if HARQ-ACK feedback is provided as 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. In general, MTC UEs can support CQI feedback but this may not be configured (and repetitions may not be supported) for coverage limited MTC UEs.
Observation: PUCCH support for HARQ-ACK and SR by coverage limited MTC UEs has trivial specification impact, can re-use existing functionalities of LTE UEs (SR repetitions are as for HARQ-ACK), and is preferable to respective alternatives of RLC retransmissions and contention-based random access. CQI support is not necessary for coverage-limited MTC UEs but should be generally provided at least for non-stationary MTC UEs.  

3 Conclusions

This contribution considered the UCI types that should be supported for coverage limited MTC UEs and proposes the following: 
Proposal 1: HARQ-ACK and SR transmissions on PUCCH are supported for coverage limited MTC UEs.
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