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Introduction
[bookmark: _Ref421460494]In RAN 1 #88bis meeting, some techniques were listed to be evaluated for uplink HARQ-ACK feedback as:
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 paper, we analyze the above techniques from UE power consumption, UL/DL overhead, UE/eNB complexity point of views. 
 HARQ-ACK feedback channel
For UE in normal coverage, e.g., MCL<144dB, it doesn’t need repetition for either MPDCCH or PUSCH. That is, UE anyway need receive MPDCCH for one subframe and transmit PUSCH for one subframe. Unless less TTI (e.g. symbol level MPDCCH or PHICH-like channel) is introduced, there is barely power consumption gain to introduce a new HARQ-ACK feedback channel/signal transmitting for one subframe. However, for a PHICH-like channel, i.e., 1 bit information without CRC, reserved DL resources are needed, as well as new mechanism to calculate the HARQ-ACK resource for UE. The reserved DL resources increase with PUSCH traffic. The mechanism is more expected when repetition is needed for the new PHICH-link channel. Moreover, it is not flexible to allow adjust repetition for extended coverage or TPC for normal coverage. Therefore, it is not recommend introducing a PHICH-like channel. 
Observation 1: PHICH-like channel needs reserved DL resources and not flexible for a retransmission.
For UE in extended coverage, as analyzed in [1], the “sweet spot” for power saving is when initial BLER of PUSCH is 0.45 with 64 repetitions and 1 PRB. At the same SNR, the required repetition for MPDCCH is 32 with 4 PRBs [2]. In order to achieve <10%, two retransmissions of PUSCH are needed. That is another two MPDCCH transmissions are needed. In total, 384 PRBs are needed for MPDCCH transmission and 192 PRBs are needed for PUSCH transmission to achieve 10% BLER of PUSCH. In order to provide most power saving for UE, the DL resource to provide a NACK is far more than UL resources for PUSCH transmission. Therefore, without any new HARQ-ACK channel/signal, it is hard to save UE power consumption without much impact on spectral efficiency. Moreover, considering the objective of increase of PUSCH spectral efficiency in Rel-15, new HARQ-ACK channel to reduce DL overhead is needed. 
Observation 2: Transmission of MPDCCH can require more resources than a transmission of a scheduled PUSCH. New HARQ-ACK channel to reduce downlink overhead is needed to operate in the sweet spot for UE power consumption reduction.
The most efficiency way to reduce DL overhead is to transmit HARQ-ACK feedback for multiple UE PUSCHs in one MPDCCH. DCI size for Mode A is 25~28 bits + 16 bits CRC. 2~3 bits can be used for each UE to carry HARQ-ACK feedback and some other usefully information, such as PUSCH repetition or TPC command. About 8 UEs can be multiplexed into one DCI to keep the same DCI size. 87.5% DL resource for MPDCCH transmission can be saved. Moreover, no UE complexity increase is expected if monitoring the save DCI payload. 
Observation 3: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission can provide most significant gain for DL overhead reduction. 
Moreover, as analyzed in [3], using a DCI format to convey HARQ-ACK information to multiple UEs can reduce MPDCCH blocking. The specification and UE/eNB implementation complexity to support HARQ-ACK transmissions through the use of a DCI format are minimal.

Based on the above analysis and observations, it is proposed that HARQ-ACK transmission to multiple UE is supported through a DCI format in efeMTC.

Proposal: Support group HARQ-ACK with existing DCI size. 

Conclusion
This contribution considered motivations and potential benefits for introducing a physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL and proposes the following. 
Proposal: Support group HARQ-ACK with existing DCI size. 
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