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1
Introduction
In RAN1#81, several proposals for signalling the HARQ ACK/NACK for UEs operating CE were introduced [1]. This is because the overhead for ACK/NACK indication via the M-PDCCH may be high for UEs in coverage enhancement. In this contribution, we consider the proposals and provide our view on the preferred solution.

2
HARQ ACK/NACK for PUSCH
For Rel-13 LC-MTC UEs not operating CE, acknowledgment can be inferred via the NDI in the M-PDCCH. In this case, ACK is implicity indicated either via the NDI field of the DCI for new transmission or through the absence of further M-PDCCH scheduling (in case of the last PUSCH transmission) while NACK could be indicated via the DCI for re-transmission. This method provides an efficient way to support HARQ without the need to introduce explicit ACK/NACK feedback mechanism.
For UEs operating CE, however, this method may not be efficient since an M-PDCCH is required to indicate a NACK. When compared to 1-bit ACK/NACK, the overhead can be quite high especially in large coverage enhancement. For example, at 155.7 dB MCL, up to 32 repetitions of the M-PDCCH would be required [2] without any reduction in the DCI size. In [1], it was proposed that a mechanism for ACK/NACK feedback is supported for UEs operating CE with PUSCH repetition. The following proposals were presented –

· Option 1A: A HARQ-ACK/NACK for single UE is carried via a DCI format with same size as a DCI format for PDSCH and/or PUSCH scheduling
· Option 1B: A HARQ-ACK/NACK for single UE is carried via a DCI format with smaller size as a DCI format for PDSCH and/or PUSCH scheduling.
· Option 1C: ACK for single UE is implicitly indicated via a DCI for new transmission. NACK for single UE is implicitly indicated via a smaller DCI for retransmission. 
· Option 1D: ACK only is transmitted or NACK only is transmitted via a DCI format
· Option 2: A HARQ-ACK/NACK for multiple UEs is carried via a DCI format with same or smaller size as a DCI format for PDSCH and/or PUSCH scheduling
Option 2 is analogous to supporting the current PHICH functionality within the framework of the M-PDCCH transmission format. It would require the UE to detect and interpret an additional DCI format. The main concern with Option 2 is that the DCI would be designed to always carry ACK/NACK for multiple UEs regardless of the number of actual acknowledgments. Furthermore, the PUSCH transmission and required repetitions would have to be aligned for this option to make sense. It would also be difficult to multiplexed UEs with different coverage enhancement levels together. Therefore, Option 2 is not preferred.
Option 1A is simple and required no additional blind decoding attempts for the UE. However, it would have high overhead as there is no saving in the DCI size. Option 1B is similar but with smaller DCI size to indicate the ACK/NACK. However, DCI size is being considered and it may be possible to design a very compact DCI for UEs operating CE. For instance, the DCI size can be reduced from 39 bits to as small as 18 or 26 bits. This would reduce the number of repetitions by approximately half.
Option 1C is similar to the approach for UEs not operating CE. In this case, ACK/NACK is implicitly indicated with the DCI, but with a smaller DCI for retransmission. This option is most attractive due to implicit signalling of ACK/NACK (therefore no additional overhead) and commonality with normal mode operation. Furthermore, there might not be a need to use smaller DCI for retransmission assuming a very compact DCI is adopted.
Option 1D proposes to transmit only ACK or NACK via M-PDCCH. This can reduce the M-PDCCH overhead, especially since generally the operating frame error rate is around 10% and therefore NACK is rarely sent. In case only NACK is transmitted, this is similar to Option 1C where the ACK is implicitly indicated via the NDI in DCI. The difference would be whether NACK would be explicitly or implicity indicated in the DCI.
From an overhead perspective, using a very compact DCI might require ~16 transmissions whereas an explicit ACK/NACK may be transmitted in 1 transmission. However, if we considered that only the NACK is sent, then the overhead saving is only for 10% of the PUSCH transmission. In addition, if like in Rel-8, the UE have to monitor for ACK/NACK (for non-adaptive retransmission) as well as for M-PDCCH (for adaptive retransmission), then this adds additional complexity to the UE. If, however, only non-adaptive retransmission is possible, some flexibility would be lost. For example, the eNB might dynamically indicate different repetition factor or frequency hopping pattern for the retransmission. This might actually reduce the total overhead.

Based on the above discussion, it is seen that explicit ACK/NACK signalling via the DCI may not save significant amount of overhead compared to implicit signalling and might limit flexibility in scheduling. Therfore, it is proposed that ACK/NACK is implicitly indicated via the NDI field in a DCI for UEs operating CE. This is the same procedure as for UEs in normal coverage.
Proposal: ACK/NACK is implicitly indicated via the NDI field in a DCI. 
3
Conclusion
In this contribution, we evaluated different options for indicating ACK/NACK for the PUSCH. Based on our analysis, the following proposal is made –

Proposal: ACK/NACK is implicitly indicated via the NDI field in a DCI. 
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