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1 Introduction
On ACK/NACK (A/N hereafter) feedback for PUSCH transmission for MTC, the following agreements were achieved in the last meeting [1]:
Agreements:
· PUSCH HARQ feedback is realized using M-PDCCH

· Note that this does not preclude HARQ feedback to multiple UEs by single M-PDCCH

However, how to carry the A/N feedback for PUSCH transmission using M-PDCCH is still an open issue. There are still several candidates as following: 

· For ACK/NACK feedback for PUSCH transmission of UEs operating CE (i.e. with PUSCH repetition), the mechanism to reduce the overhead is supported. 

· FFS among following. Combination is not excluded. FFS for other than HARQ-ACK content is included in the same DCI.

· 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
In this paper, we continue to analyze the pros and cons for different options and give our proposal, based on the previous contribution [2].

2 Discussion
According to the agreements shown above, PUSCH HARQ feedback is realized using M-PDCCH. In this case, dynamic signaling overhead is an important issue, especially for the large coverage case. In general, the following directions can be considered to reduce the signaling overhead: 
Alt-a
one new DCI carrying multiple A/N, which is Option 2
Alt-b
one new DCI carrying one A/N with smaller/different size, which is Option 1B and/or 1C
Alt-c
one/no DCI transmitted to represent one A/N in predefined cases, which is Option 1D
We analyze the 3 directions from the following aspects and give our proposal. 
2.1 Signaling overhead
For non-adaptive HARQ retransmission, in current systems, the A/N information for multiple users is conveyed by PHICH across the whole system bandwidth, wherein each user is specified to receive the corresponding A/N for PUSCH according to the same HARQ timeline, i.e. if the PUSCH is transmitted in subframe n, the HARQ-ACK feedback is expected to be detected by UE in the subframe n+4 for FDD, and close to n+4 for TDD. The multiplexing of A/N of multiple users in the same subframe carrying PHICH relies on the same HARQ RTT and unified TTI bundling size among UEs, which then reduce the dynamic signaling overhead. 

To use Alt-a which enables a common DCI to carry multiple A/N like PHICH seems useful for signaling overhead reduction. However, some issues as following needs to be considered for Alt-a:
· Time relationship: unlike for non-MTC UEs, LC MTC UEs in various environments would require different repetition numbers. The time point for scheduling and new transmission could be therefore quite distinct and would be unlikely for UEs to expect respective A/N feedback at the same time; otherwise some of the A/N would probably need to be delayed to fit each other into the same subframe. 
· Narrowband location: different UEs could occupy different narrowbands in coverage enhancement. Then a common DCI would lead to retuning for all multiplexed UEs to the same M-PDCCH narrowband.

· Resource efficiency: it is possible that the A/Ns with different repetition level are multiplexed in the same DCI, and the repetition level of the multiplexed DCI should be determined based on the maximum A/N repetition level. It will result in serious resource waste, especially in the large coverage case.
· DCI size: it would need to be determined if this will result in a new DCI size; and how many A/N will be multiplexed in one DCI, considering the traffic requirement and the resource efficiency. It might also create multiple new DCI sizes, or require padding bits to fix to one DCI size.
Alt-b and Alt-c are for single UE so the scheduling and feedback mechanism is similar to current LTE. On signaling overhead reduction, the difference between Alt-b and Alt-c is the amount of saved bits during DCI transmission, which is constructed by {DCI payload + CRC}. By Alt-b, the new DCI payload could be smaller while the 16-bit CRC is still needed by whatever manner A/N is transmitted, so the overhead reduction seems not significant. Alt-c means by pre-defined rules, the whole DCI can be removed and UE can complete HARQ re-transmission according to the rules. One simple optimization for the existing 2-state feedback mechanism could be one state feedback. For example if UE is not receiving an ACK, it assumes NACK from eNB and consequently begins retransmission. The maximum number of re-transmission can be configured by maxHARQ-Tx by higher layer as usual. Then UE will start new transmission after receiving ACK or stop retransmission if reaching the configured maximum retransmission times. As explained, only 1-bit NDI in M-PDCCH is needed by UE, the 2-state feedback can actually be represented by whether DCI exists or not, which reduces the overhead during many retransmissions.
2.2 UE complexity/power consumption

From UE perspective, the power consumption due to blind detection of M-PDCCH is a concern. In current LTE when EPDCCH is used for HARQ transmission, the same DCI format, i.e. format 0, is detected for both scheduling new data and determining retransmission. However both Alt-a and Alt-b require a new DCI format for feedback which is different from that used for scheduling. It means when UE monitors A/N feedback, it needs to attempt 2 kinds of DCI formats/sizes to determine whether it is scheduled with a new transmission or just re-transmission. In this case the workload of BD is twofold as usual for LC UEs which may not be desirable.
2.3 Specification impacts

Because of the scheduling complexity of Alt-a as explained in section 2.1, the specification efforts seem large, including design of a common DCI and probably different HARQ RTTs for each repetition levels for A/N multiplexing. Alt-b also needs a new DCI format for feedback-specific use, but not much benefit is foreseen.
For Alt-c, the DCI size/format for feedback can be the same with that for scheduling PUSCH. An implementation issues is how long the UE would need to keep monitoring the pre-defined one-state feedback. The time period should be related to M-PDCCH repetition level since M-PDCCH is assumed to be repeated such times. This is actually what a UE anyway needs to do in order to define HARQ RTT for MTC transmission.
The comparison among 3 alternatives is summarized in the following table. Our proposal is 

Proposal 1: Only ACK or Only NACK is used for HARQ feedback for PUSCH transmission at least for MTC UEs operating large CE. 
	
	Signalling overhead reduction
	Power consumption reduction
	Specification impact

	Alt-a
	Yes
	unclear
	large

	Alt-b
	Yes
	not good
	medium

	Alt-c
	Yes
	the same as usual
	marginal


3 Conclusion
In this contribution we analyzed signaling overhead, power consumption and specification impact aspects. We propose
Proposal 1: Only ACK or only NACK is used for HARQ feedback for PUSCH transmission at least for MTC UEs operating large CE.
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