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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
Improved power consumption:

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
In this contribution, we discuss the enhancement of UL HARQ-ACK feedback for MTC.
2 Discussion on UL HARQ-ACK feedback enhancement
In Rel-13 eMTC, PHICH-less operation is performed, i.e., the functionality of HARQ-ACK feedback for PUSCH is achieved by DCI for UL grant. HARQ-ACK is assumed if UE has not received UL grant or NDI field in UL grant indicates new data scheduled. NACK feedback is assumed if NDI field in UL grant indicates retransmission scheduled. The benefit of this method includes lower complexity, less specification impact and support of adaptive HARQ retransmission. But larger overhead for NACK feedback may be caused.
In Rel-13 eMTC, HARQ-ACK feedback for PUSCH would be monitored only after PUSCH transmission with configured number of repetitions has finished. As shown in Figure 1, even if PUSCH has been successfully decoded early, the eMTC UE would not monitored the HARQ-ACK feedback before the end of PUSCH repetitions. In this case, unnecessary power consumption may be caused due to unnecessary PUSCH transmission.
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Figure 1 Example of HARQ-ACK feedback for PUSCH transmission in Rel-13 eMTC
For enhancement of UL HARQ-ACK feedback, the following options can be considered:
· Option-1: Enhanced PHICH design for HARQ-ACK. Enhanced PHICH within a narrowband can be designed to transmit HARQ-ACK, by which smaller amount of resource than DCI for UL grant can be expected. For example, the eNB can map the coded ACK/NACK on the first available OFDM symbol of a narrowband, as shown in Figure 2. However, the physical resource used for enhanced PHICH transmission needs to be reserved and cannot be used for MPDCCH and PDSCH, which reduces available resources for MPDCCH and PDSCH. For Option-1, significant loss of scheduling gain/flexibility would be caused since adaptive retransmission cannot be supported. A BL/CE UE monitors MPDCCH search spaces for DL/UL assignments as well as enhanced PHICH region for HARQ-ACK, so more power consumption would be caused. In addition, larger standardization impact would be expected for enhanced PHICH design. 
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Figure 2 Example of OFDM symbol occupied by enhanced PHICH
· Option-2: New common DCI for HARQ-ACK. Similar to DCI format 3/3A for TPC, a common DCI format used for HARQ-ACK feedback of multiple UEs can be considered. It is beneficial for reducing overhead caused by HARQ-ACK feedbacks. In order to ensure time alignment of HARQ-ACK feedback for different UEs with different repetition factors as well as resource utilizing efficiency, the asynchronous HARQ-ACK feedback based on common DCI format is more feasible, as shown in Figure 3. However, considering that only non-adaptive retransmission can be supported, when the asynchronous HARQ-ACK feedback based on common DCI format is used, some unnecessary collisions between retransmissions may be caused. For example, it is assumed that adjacent time domain resources in the same narrowband are successively used for initial transmissions for two UEs and corresponding two NACK feedbacks are transmitted in the same common DCI. In this case, the collision between retransmissions for two UEs would happen. In addition, for the asynchronous HARQ-ACK feedback based on common DCI format, the larger feedback delay for some BL/CE UEs may be caused. Furthermore, further study is needed to consider how to identify different HARQ processes in common DCI for HARQ-ACK.  
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Figure 3 Example of new common DCI format for HARQ-ACK feedbacks of multiple UEs
· Option-3: Early HARQ-ACK feedback. When eNB has successfully decoded PUSCH before PUSCH transmission with configured number of repetitions has finished, it is possible that HARQ-ACK feedback based on DCI can be transmitted by eNB to early terminate unnecessary PUSCH repetitions as shown in Figure 4.  For Option-3, unnecessary power and resource consumption caused by unnecessary PUSCH transmission can be avoided. In addition, blind detection and transmission delay would not be increased. However, in the case that no new PUSCH data to be scheduled, some control overhead would be caused because DCI is only used for HARQ-ACK feedback.
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Figure 4 Example of early HARQ-ACK feedback for PUSCH transmission
Observation 1: For enhanced PHICH design, more power consumption would be caused.
Observation 2: Multiplexing HARQ-ACK feedback of multiple UEs in a common DCI is beneficial for reducing overhead caused by HARQ-ACK feedback.
Observation 3: Early HARQ-ACK feedback can avoid unnecessary power consumption caused by unnecessary PUSCH repetitions.
Proposal 1: Early HARQ-ACK feedback should be considered.
Proposal 2: The necessity and feasibility of new HARQ-ACK feedback (e.g., new common DCI format and enhanced PHICH design for HARQ-ACK) need further study.
3 Conclusions
In this contribution, we have discussed enhancement of UL HARQ-ACK feedback for MTC. We make the following observations and proposals:
Observation 1: For enhanced PHICH design, more power consumption would be caused.
Observation 2: Multiplexing HARQ-ACK feedback of multiple UEs in a common DCI is beneficial for reducing overhead caused by HARQ-ACK feedback.
Observation 3: Early HARQ-ACK feedback can avoid unnecessary power consumption caused by unnecessary PUSCH repetitions.
Proposal 1: Early HARQ-ACK feedback should be considered.

Proposal 2: The necessity and feasibility of new HARQ-ACK feedback (e.g., new common DCI format and enhanced PHICH design for HARQ-ACK) need further study.
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