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1. Introduction

During RAN1#88bis meeting, the following agreements were  reached on HARQ-ACK feedback for UE power saving.
Agreements:
· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:

· At least the following two options are considered for HARQ-ACK feedback channel:

· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission
· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission

· Detailed design on HARQ-feedback channel FFS among at least the following options:

· PHICH-like channel
· MPDCCH with reduced DCI size(s)
· MPDCCH with existing DCI size(s)
· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.

· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.
During RAN1#88bis meeting, the following agreements were further reached.

Agreement:
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.
In this contribution, we present our considerations on the design for HARQ-ACK feedback channel.
2. Discussion  
For BL/CE UEs, coverage ehancement transmission mode is supported since Rel-13 and up to 2048 repetitions can be applied for PUSCH transmission. However, the CSI of the BL/CE UE may not be estimated accurately due to poor SINR in enahced coverage mode and narrow mesurement bandwidth of 6PRBs. And sometimes the UE’s movement during the data transmission would also change the channel condition. Furthermore, the coarse gralularity of the supported PUSCH repetition level  indicated in the UL grant would also result in inaccurate repetition subframe allocation.Therefore, the BL/CE UEs may be scheduled much more PUSCH repetition times than what are acturally needed. If the eNB can decoded correctly the PUSCH data during the PUSCH transmission and send an early termination siganl to the UE, the UE can stop the PUSCH transmission earlier, which is beneficial for its power saving. In addition, the eNB may reuse the saved PUSCH resource for other transmissions, which is also beneficial for the system efficiency. HARQ-ACK feedback channel can serve as the early termination signal. Once the eNB decoded PUSCH successfully, the eNB can send early termination siganl  to the UE. Therefore, from the perspective of power consumption reduction and system efficiency improvement, HARQ-ACK feedback channel is beneficial  for UEs in enhanced coverage.
Furthermore, as discussed in the last RAN1 meetings[1]
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[2], HARQ-ACK feedback channel for RRC connection release which allows the UE to be released from RRC conneced mode to RRC idle mode earlier is also beneficial for saving UE’s power consumption.  

Observation 1: HARQ-ACK feedback channel is beneficial for UEs especially in enhanced coverage from the perspective of power consumption reduction and system efficiency improvement. 
In order to achieve the maximum UE’s power saving and system efficiency gain, early terminition signal shall be designed with as short transmission time duration as possible. That is because the power and resource consumption for the transmission of PUSCH from the time the eNB correctly decoded it to the time the early termination sigal is detected by the UE and stop the PUSCH transmission would be wasted. 
Proposal 1: Early terminition signal shall be designed with as short transmission time duration as possible
During RAN1#89 meeting, it has been agreed that if explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH. For MPDCCH based UL HARQ-ACK feedback, there are several options:
· Option 1: MPDCCH with reduced DCI size(s)
· Option 2: MPDCCH with existing DCI size(s)
In our view, whether reduced DCI size(s) or the existing DCI size(s) are used for UL HARQ-ACK feedback, it is beneficial to mutiplex mutilple UE’s HARQ-ACK feedback within one DCI to improve the system efficiency. For MPDCCH with reduced DCI size in option 1, the repetition number of MPDCCH would be less than that of option 2 which is beneficial to save the UE’s power consumption of PDCCH detection and it also can get better early termination gains of PUSCH. On the other hand, reduced MDPCCH may have limited bits and support fewer UEs’ HARQ-ACK feedback which may not be sufficient when the number of needed feedback bits is large especially considering that sub-PRB allocation for PUSCH may be specified thus more UE’s can transmit PUSCH simutaneously within one MTC subband. 
For MPDCCH with existing DCI size(s), the benefit is not to increase the UE’s MPDCCH detection complexity. However, compared with reduced DCI size(s), the MPDCCH transmission duration would be longer which will decrease the early termination gains of PUSCH transmission. And if the actually needed HARQ-ACK bits is less than that can be transmitted using this DCI format, the unused bits would be wasted.

One compromise method to overcome the drawback of the above two methods is to support vairable DCI size for HARQ-ACK feedback. The network can configure/indicate the UE of the DCI size for HARQ-ACK feedback based on the actually needed feedback load. If the number of feedback bits needed is large, one larger DCI format  can be used. Otherwise, If the number of feedback bits needed is small ,one compact DCI size can be utilized.

Proposal 2: support vairable DCI size for HARQ-ACK feedback
3. Conclusions
In this contribution, we present our consideration on the downlink HARQ-ACK feedback channel for MTC’ PUSCH transmission. Based on the discusson, we have the following  observation and proposals: 
Observation 1: HARQ-ACK feedback channel is beneficial for UEs especially in enhanced coverage from the perspective of power consumption reduction and system efficiency improvement. 
Proposal 1: Early terminition signal shall be designed with transmission time duration as short as possible
Proposal 2: support vairable DCI size for HARQ-ACK feedback
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