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Introduction
In RAN #75 meeting, 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.
In RAN1#91 meeting [2], there were discussions on whether support uplink HARQ feedback for multiple UEs, but no consensus was reached.
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Conclusion

Continue discussion until RAN1#92

In this contribution, we give the analysis of supporting explicit HARQ-ACK feedback for group of UEs and the related standard impacts.
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Explicit uplink HARQ-ACK feedback for multiple UEs
In RAN1#91 meeting, some concerns were raised for supporting explicit HARQ-ACK feedback for multiple UEs, such as the potential limitations on scheduling flexibility, e.g., scheduling the UEs in the group at the same time, UEs in the same group should have the similar coverage. If new common search space is introduced for CE Mode B, and according to current spec, the eNB scheduling would not impact so much. Based on UE reported RSRP measurement results, eNB knows about UEs coverage level, then the UEs with similar coverage can be grouped together, different UE groups can be multiplexing in the new common search space. As for the gain of HARQ-ACK feedback for group of UEs, considering the control overheard, UE power consumption and larger data channel repetitions than control channel’s, the UE specific MPDCCH search space generally is configured with longer periodicity. If the new common search space is inserted in the middle of two MPDCCH UE specific search space, most of UEs would get the benefits of HARQ-ACK feedback. After UE detect the MPDCCH in common search space, according to the HARQ-ACK indication it would re-transmit the PUSCH or stop the PUSCH transmission. This design can achieve the UL HARQ-ACK feedback and PUSCH early termination together. For the size of DCI format, it can be the same size as the DCI format 6-1A/B.

As uplink sub-PRB resource allocation scheme will be supported in Rel.15, more eMTC users would be scheduled by the eNB, and more repetitions would be required for each uplink transmission, thus early termination of uplink transmission is more attractive from UE power consumption point of view. In case HARQ-ACK feedback is only supported by single UE, MPDCCH resource would be the bottleneck. HARQ feedback for multiple users could use the MPDCCH resource more efficiently.
Proposal 1: Introduce new MPCCH common search space for UL HARQ-ACK feedback.

With the agreements in previous RAN1 meeting, the DCI format for UL HARQ-ACK feedback is the same size as the DCI format 6-0A/B, and the related MPDCCH is transmitted in UE specific search space. In this case, efeMTC UE would need to distinguish the DCI format is for UL data scheduling or for UL HARQ-ACK feedback. The simple solution is to configure UE a new RNTI. After UE detect the MPDCCH with the CRC scrambled by new RNTI, UE knows the DCI format is for UL HARQ-ACK feedback. The RNTI can be configured to a group of UEs, different UE groups are multiplexing in the new common search space to increase the MPDCCH capacity.
Proposal 2: A new RNTI is configured to efeMTC UE for UL HARQ-ACK feedback.
For the detailed contents of DCI format carrying UL HARQ-ACK feedback, each eMTC UE could configure with multiple HARQ processes, to save the MPDCCH signaling overhead, multiple HARQ-ACK feedbacks for one UE or for different UEs can be multiplexing together, if all HARQ processes are correctly received by eNB, then UE can go to sleep earlier. The DCI format can be similar as DCI format 3/3A and is formed by multiple HARQ-ACK indication fields, each HARQ-ACK indication field corresponds to one HARQ process. the following information can be considered in DCI format 6-1A for UL HARQ-ACK feedback: 

· HARQ-ACK indication field 1 (4-bit): 1-bit ACK indication, 3-bit HARQ process ID
· HARQ-ACK indication field 2 (4-bit): 1-bit ACK indication, 3-bit HARQ process ID
· ………….
The content of DCI format 6-1B is given by:
· HARQ-ACK indication field 1 (2-bit): 1-bit ACK indication, 1-bit HARQ process ID
· HARQ-ACK indication field 2 (2bit): 1-bit ACK indication, 1-bit HARQ process ID
· ……………
Proposal 3: Introduce new DCI format carrying multiple HARQ processes HARQ-ACK feedback information, HARQ process information includes ACK/NACK indication and HARQ process ID. 
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Conclusion

In this contribution, we provide the analysis on the UL HARQ feedback for multiple users and its standard impacts. The following proposals are made.

Proposal 1: Introduce new MPCCH common search space for UL HARQ-ACK feedback.

Proposal 2: A new RNTI is configured to efeMTC UE for UL HARQ-ACK feedback.
Proposal 3: Introduce new DCI format carrying multiple HARQ processes HARQ-ACK feedback information, HARQ process information includes ACK/NACK indication and HARQ process ID. 
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