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1 Introduction
RAN1 discussed realization of UL HARQ feedback and reached the following conclusions:
	· PUSCH HARQ feedback is realized using M-PDCCH.

· Note that this does not preclude HARQ feedback to multiple UEs by single M-PDCCH



More specifically, there has been following proposals as the starting point for the discussion:

· For ACK/NACK feedback for PUSCH transmission of UEs operating CE (i.e. with PUSCH repetition), the mechanism to reduce the overhead is supported. 

· FFS among following. Combination is not excluded. FFS for other than HARQ-ACK content is included in the same DCI. 

· Option 1A:   A HARQ-ACK/NACK for single UE is carried via a DCI format with same size as a DCI format for PDSCH and/or PUSCH scheduling 

· Option 1B:   A HARQ-ACK/NACK for single UE is carried via a DCI format with smaller size as a DCI format for PDSCH and/or PUSCH scheduling.

· Option 1C:    ACK for single UE is implicitly indicated via a DCI for new transmission. NACK for single UE is implicitly indicated via a smaller DCI for retransmission.  

· Option 1D:    A UE assumes only one of the state of ACK and NACK via a DCI is transmitted for PUSCH transmission/retransmission.  

· Option 2:   A HARQ-ACK/NACK for multiple UEs is carried via a DCI format with same or smaller size as a DCI format for PDSCH and/or PUSCH scheduling

In this contribution, we will focus on the discussion for Option 1C. Some observations and proposals are provided for consideration. This contribution is updated based on R1-154715.
2 Discussion
2.1 Compact DCI for partial-adaptive HARQ retransmission 
Regarding to HARQ transmission for UE in CE mode, it seems not necessary to support full-adaptive HARQ, which may cause the large control overhead due to each data retransmission associated with the control channel carrying full control information. It also results in the high power consumption for UE receiving the repeated control channels. Typically, the larger DCI will require the longer time for UE receiving and processing. 
From the performance perspective, the adaptation on MCS may not improve performance of UE significantly at least in CE mode due to the extreme low working SINR. Instead, it may make sense to only adjust some settings, e.g., the repetition number which provides the fine granularity on link adaptation.
Observation 1: Partial-adaptive retransmission is sufficient for UEs in enhanced coverage.

So it makes sense to have a compact DCI with truncated format carrying partial control information for HARQ retransmission. This DCI can carry the control information about the number of repetitions for the next HARQ retransmission. If needed, a few more control information can be included to support efficient partial-adaptive retransmission. Moreover, such DCI can be used to indicate NACK implicitly so that there is no need of PHICH for NACK/ACK. If ACK is needed, the normal DCI can be used to indicate a new transmission. So UE can detect different DCI to determine whether it is new transmission or retransmission.
Proposal 1: Support a compact DCI for partial-adaptive HARQ retransmission.
2.2 Support of PHICH functionality via DCI  

For the specific solution, the more detailed explanation is give to option 1C listed in the potential solutions.
ACK function: ACK for a single UE is implicitly indicated via a relatively large DCI for UL grant carrying the full control information for a new transmission. That is, ACK field is not necessary to be included in DCI field, i.e., implicit indication of ACK via a relatively large DCI size for UL grant which is used for a new transmission. 
The full control information carried by this large DCI in UL grant may include the repetition number, cyclic shift for DM RS, limited MCS, Resource block assignment, PRBs in time domain (supposing support of transmitting coding bits across multiple TTIs, aka, longer TTI length).
NACK function: NACK for a single UE is implicitly indicated via a relatively small DCI which is for retransmission following NACK. That is, NACK field is not necessary to be included in DCI field, i.e., implicit indication of NACK via a relatively small DCI size for UL grant which is used for retransmission. 
The control information carried by this small DCI in UL grant may just include a subset of full control information, e.g., only the repetition number for retransmission.

Proposal 2: Support Option 1C, i.e., ACK for a single UE is implicitly indicated via a DCI for new transmission and NACK for a single UE is implicitly indicated via a smaller DCI for retransmission.
2.3 Common design for DL/UL retransmission with compact DCI  

Moreover, this small DCI size for UL grant can be also shared with other DCI design, e.g., DL retransmission so that the number of DCI sizes will not be increased much for blind decoding. For example, in case of DL retransmission, the same DCI size for UL retransmission can be used to indicate DL repetition number supposing there is no change on the other control information compared to the DCI in DL grant for the first transmission. 

In this case, the small DCI design can be as such:
· 1 bit for UL/DL flag to differentiate whether it is for DL retransmission or UL retransmission

· N bits for the number of repetitions in the HARQ retransmission attempt.

In the extreme case, N could be only two or three bits if the granularity of repetitions (G_rep) can be configured in the higher layer according to the coverage level. For example, the number of repetitions can be derived as N*G_rep.
With the small DCI size, it can significantly reduce the control overhead for retransmission comparing to using the full (large) DCI size which is not necessary.

Observation 2: a small DCI size for retransmission can reduce the control overhead significantly while keep the similar performance as full-adaptive retransmission.
Observation 3: It is feasible to reuse the same small DCI size for both UL and DL grants to support partial-adaptive HARQ retransmission.
Proposal 3: Support the same compact DCI size in both UL and DL grants for HARQ retransmission.    

3 Conclusion
In this contribution, we discussed possible solution for PHICH functionality support via DCI. The following observations have been given:
Observation 1: Partial-adaptive retransmission is sufficient for UEs in enhanced coverage.

Observation 2: a small DCI size for retransmission can reduce the control overhead significantly while keep the similar performance as full-adaptive retransmission.
Observation 3: It is feasible to reuse the same small DCI size for both UL and DL grants to support partial-adaptive HARQ retransmission.
Moreover, based on the discussion, we have following proposals:   
Proposal 1: Support a compact DCI for partial-adaptive HARQ retransmission.
Proposal 2: Support Option 1C, i.e., ACK for a single UE is implicitly indicated via a DCI for new transmission and NACK for a single UE is implicitly indicated via a smaller DCI for retransmission.
Proposal 3: Support the same compact DCI size in both UL and DL grants for HARQ retransmission.    
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