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1
Introduction
In RAN #75, the new WI “Even further enhanced eMTC for LTE” was approved [1], one of the objective is to reduce the UE power consumption. 
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
The following agreements were reached in RAN1#88bis meeting [2].
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.
In this contribution, we discuss the different options for supporting HARQ-ACK feedback channel design.
2
HARQ-ACK for PUSCH
For Rel.13 eMTC, asynchronous adaptive HARQ operation is supported for PUSCH. The PUSCH retransmission is scheduled by MPDCCH via the NDI field indication. While the ACK is implicitly indicated either via the NDI field of the DCI for new transmission or through the absence of MPDCCH scheduling. At the same time Non-adaptive HARQ operation was discussed as well, it is expected that non-adaptive HARQ retransmission can save the signalling overhead especially for UE operating in CE mode. According the discussion in last RAN1 meeting, several options can be considered for HARQ-ACK feedback channel design. 

· Option 1: introduce PHCIH-like channel

· Option 2: new DCI format to carry 1-bit HARQ-ACK 
· Option 3: new common DCI format to carry multiple HARQ-ACK bits from different UEs

For option 1, if a PHICH-like channel is introduced with 1-bit ACK/NACK, the UE needs to monitor and decode the PHICH-like channel and MPDCCH. So this channel shall be transmitted in the same narrowband as MPDCCH, and some REs on the UE specific search space need to be reserved for PHICH-like channel. Considering eMTC UEs operate in the network, this solution would impact the legacy UE MPDCCH decoding performance, and it is not backward compatible. 
For option 2, in the case a new DCI format is introduced just for sending 1-bit ACK info to the UE. This new DCI needs to have same bit number as a previously agreed eMTC DCI format to avoid increasing the numbers of blind decoding, otherwise the new compact DCI format needs to be designed with the cost of additional blind decoding effort from UE side. Unlike the PHICH-like channel, HARQ feedback on MPDCCH need to be blind decoded, thus in addition to blind decode UL grant, UE need to blind decode new DCI for PUSCH HARQ-ACK feedback. This would increase the UE power consumption and increase the UE implementation complexity. Comparing with exiting adaptive HARQ operation, option 2 has no clear benefits on signaling overhead saving in case the new DCI has the same size as the DCI format for PUSCH scheduling, or option 2 will increase the MPDCCH blind decoding number if compact DCI is designed.
For option 3, this option could be more efficient from resource utilization point of view. The DCI size could be the same as DCI format 3/3A, and the related search space is assigned in same narrowband as the Type0-common search space, only a different RNTI is introduced to scramble the new DCI, thus no additional blind decoding effort is introduced. However as the UE in CE mode B don’t need to monitor Type0-common search space, the new behavior of UE in CE mode B needs to be defined for blind decoding the MPDCCH in type0-common search space. As for type 1 and type 2-common search space, these two common search spaces are not intended for UE in RRC connected mode, thus they are not suitable for re-use.  
Based on above analysis, we have the following proposal.

Proposal 1: New common DCI format carrying multiple HARQ-ACK bits from different UEs can be studied further.
3
Conclusion

In this contribution, we provide the analysis of possible UL HARQ feedback schemes. The following proposal is made.

Proposal 1: New common DCI format carrying multiple HARQ-ACK bits from different UEs can be studied further.
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