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1 Introduction

In RAN#75 a new WID on even further enhanced MTC for LTE was approved [1]. HARQ-ACK feedback in DL for data transmission in UL should be investigated.
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, preliminary analyses and considerations on HARQ-ACK feedback in DL are given.
2 Benefits of early PUSCH termination
For BL/CE UEs, PUSCH repetition is applied for extending coverage. As seen from the table below [2], the step of PUSCH repetitions is increased significantly as the number of repetitions grows. When an eNB indicates the specific PUSCH repetition number to a BL/CE UE, the UE will transmit PUSCH with the indicated number of repetitions. Even if an eNB successfully detects the PUSCH in fewer repetitions, the UE still transmits the PUSCH for the indicated repetitions. Thus, unnecessary power will be consumed by BL/CE UE, and the resource utilization is also not efficient.
Table 1: PUSCH repetition levels (DCI Format 6-0A)

	Higher layer parameter

‘pusch-maxNumRepetitionCEmodeA’
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	Not configured
	{1,2,4,8}

	16
	{1,4,8,16}

	32
	{1,4,16,32 }


Table 2: PUSCH repetition levels (DCI Format 6-0B)

	Higher layer parameter

‘pusch-maxNumRepetitionCEmodeB’
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	Not configured
	{4,8,16,32,64,128,256,512}

	192 
	{1,4,8,16,32,64,128,192}

	256 
	{4,8,16,32,64,128,192,256} 

	384 
	{4,16,32,64,128,192,256,384} 

	512 
	{4,16,64,128,192,256,384,512} 

	768 
	{8,32,128,192,256,384,512,768}

	1024 
	{4,8,16,64,128,256,512,1024} 

	1536 
	{4,16,64,256,512,768,1024,1536}

	2048 
	{4,16,64,128,256,512,1024,2048}


Observation 1: Early PUSCH termination is beneficial to save UE’s power consumption and improve efficiency of resource utilization.

3 Considerations on DL ACK/NACK

For HARQ-ACK feedback, an eNB can indicate ACK and NACK for UE’s PUSCH transmission. Alternatively, the eNB can only indicate one-state NACK (or ACK) for PUSCH feedback. Since the probability of ACK is generally higher than that of NACK, eNB can only feedback NACK to save feedback overhead. However, the initial BLER (iBLER) of PUSCH transmission (with indicated repetition number) is about 10%. If eNB makes HARQ feedback based on partial PUSCH reception, the probability of NACK may be increased. Moreover, one-state feedback is generally achieved via presence/absence of channel or signals. The failure of detecting such channels or signals will make UE misunderstand ACK. Further, one-state feedback makes it hard to send  HARQ feedback for PUSCH transmissions of multiple UEs in one transmission.
In Rel-13, NDI in the DCI is used for PUSCH feedback. If ACK/NACK for PUSCH were conveyed  using a whole DCI, the efficiency would be low. Moreover, to guarantee the reliability of ACK/NACK feedback, MPDCCH (with legacy DCI format) needs robust aggregation level and number of repetitions. So the power consumption of UE detecting the MPDCCH may be high. If the number of repetitions of MPDCCH is large, the time to complete the transmission of the transport block on PUSCH will be prolonged, even if it has been successfully received, and latency is correspondingly increased.
Observation 2: Using one MPDCCH (with legacy DCI format) for one PUSCH ACK/NACK feedback is not efficient from power saving, latency reduction and spectrum efficiency point of views.

To consider the efficiency and resource utilization point of view, it would be better for one MPCCCH to be able to convey the ACK/NACKs for multiple UEs. Further, a compact DCI format can be designed to reduce the number of repetitions and improve the reliability. However, the (blind) detection complexity of the new compact DCI should be considered. To avoid significantly increasing UE’s detection complexity, the aggregation level and repetition number of the MPDCCH carrying ACK/NACK can be restricted. 
If early termination is supported, it could help to use discontinuous PUSCH so that the eNB can suppress more of the unnecessary repetitions. The timing of PUSCH and the MPDCCH conveying ACK/NACK will also need to be specified.
Proposal 1: One compact MPDCCH conveying the ACK/NACK feedbacks for multiple UEs can be studied as the starting point.
4 Conclusion
In this contribution, preliminary analyses and considerations on HARQ-ACK feedback in DL are given. The following preliminary observations and proposal are provided:

Observation 1: Early PUSCH termination is beneficial to save UE’s power consumption and improve efficiency of resource utilization.

Observation 2: Using one MPDCCH (with legacy DCI format) for one PUSCH ACK/NACK feedback is not efficient from power saving, latency reduction and spectrum efficiency point of views.

Proposal 1: One compact MPDCCH conveying the ACK/NACK feedbacks for multiple UEs can be studied as the starting point.
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