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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#89 meeting [2].
Agreement:
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.

In this contribution, we discuss the different options for MPDCCH search space for supporting UL HARQ-ACK feedback.
2
MPDCCH search space
As agreed in RAN1#89 meeting, the UL HARQ-ACK feedback is based on MPDCCH. It needs to decide the MPDCCH search space first, several options can be considered.
· Option 1: Re-use UE specific search space

With this option, new DCI format is introduced just for sending 1-bit HARQ-ACK info to the UE. This new DCI needs to have the same number of bits as 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. For a efeMTC UE, in addition to blind decode UL grant, it 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 existing adaptive HARQ operation, this option has no clear benefit on signaling overhead saving in case the new DCI has the same size as the DCI format for PUSCH scheduling, or option 1 will increase the MPDCCH blind decoding number if compact DCI is designed.

· Option 2: Re-use common search space

This option could be more efficient from resource utilization point of view to multiplex multiple HARQ-ACK from different UEs in one common DCI. The DCI size could be the same as DCI format 3/3A, and related search space is assigned in the same narrowband as the Type0-common search space, only 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 doesn’t need to monitor Type0-common search space, the new behavior of UE in CE mode B need to be defined for blind code 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.  

· Option 3: New common search space for UL HARQ-ACK feedback

This option could provide more flexibility on new DCI format design. The size of DCI format can be compacted to reduce the repetition number of MPDCCH. 
The time domain location of new common search space can be configured before the UE specific search space. Thus, after UE detect the MPDCCH, according to the HARQ-ACK indication it would re-transmit the PUSCH or stop the PUSCH transmission. Thus, the design can achieve both the UL HARQ-ACK feedback and PUSCH early termination together. 

Based on above analysis, the option 3 could be the better choice to support UL HARQ-ACK feedback. So, we have the following proposal.
Proposal 1: Introduce new MPCCH common search space for UL HARQ-ACK feedback.
3
DCI format for UL HARQ-ACK feedback
For the detailed contents of DCI format carrying UL HARQ-ACK feedback, to save the MPDCCH signaling overhead, multiple efeMTC UEs can be multiplexing together, the DCI format can be similar as DCI format 3/3A and is formed by multiple HARQ-ACK indication field, each HARQ-ACK indication field corresponds to one user. the following information can be considered in HARQ-ACK indication field: 

· 1-bit ACK/NACK indication
· 3-bit HARQ process ID

· 2-bit repetition number for PUSCH re-transmission

For the field of repetition number for re-transmission, it is beneficial to reduce the repetition number. Without this field, the repetition number for re-transmission is the same as the repetition number of the first PUSCH transmission, which could cause more physical resources and UE transmission power wasted. As the repetition number for the first transmission maybe not estimated exactly correct by eNB. With this field, eNB would have another chance to estimate the retransmission number accurately based on received PUSCH.
Proposal 2: Introduce new DCI format carrying multiple HARQ-ACK feedback information from different UEs, the information includes ACK/NACK indication, HARQ process ID and repetition number for PUSCH re-transmission.
4
Conclusion

In this contribution, we provide the analysis of possible UL HARQ feedback schemes based on MPDCCH. The following proposals are made.

Proposal 1: Introduce new MPCCH common search space for UL HARQ-ACK feedback.
Proposal 2: Introduce new DCI format carrying multiple HARQ-ACK feedback information from different UEs, the information includes ACK/NACK indication, HARQ process ID and repetition number for PUSCH re-transmission.
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