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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 RAN 1 #89 meeting, it was agreed:
Agreement:
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.
In this paper, we analyze the above techniques from UE power consumption, UL/DL overhead, UE/eNB complexity point of views. 
 Power saving by HARQ-ACK feedback channel
Uplink transmission takes up most of the UE power consumption, therefore, avoid unnecessary uplink transmission is the key to reduce UE power consumption. In existing eMTC system, for UE in extended coverage can either (Opt 1) scheduled once targeting to a lower initial BLER, e.g., 10%, or (Opt 2) a higher initial BLER relying on retransmission to achieve the requirement. As analyzed in [1], the “sweet spot” for power saving is when initial BLER of PUSCH is 45% with 64 repetitions and 1 PRB and two retransmission of PUSCH are needed to achieve <10% BLER. To achieve a lower BLER e.g., 1%, as required by high layer required more retransmissions. Option 2 can reduce UL transmission time, however, more DL resource are required. As analysis in [2], 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. Moreover, considering the improvement of uplink spectrum efficiency by introducing sub-PRB scheduling or CDM, which supports more UEs with the same uplink resource, UL/DL resource imbalance will be more serious. Therefore, reduce DL overhead to balance UL and DL loading is needed. 
Observation 1: Without enhancement, in order to avoid unnecessary UL transmission and reduce power consumption, DL resource will be wasted to provide NACK to trigger retransmission. 
Opt 1: One transmission targeting to low initial BLER
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Opt2: Higher BLER and more retransmissions
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There are two options to reduce DL overhead, one is introducing a compact DCI, and the other option is introducing one DCI to provide feedback for more than one UE. To support compact DCI, UE needs to monitor one more DCI size, which may increase UE complexity. Support HARQ-ACK for multiple UE may keep the UE complexity without increasing blind detection time. On the other hand, supporting one HARQ-ACK channel for multiple UEs saves more DL overhead. Different from NB-IoT, eMTC UE have larger BW and PUSCH can dynamically indicated to the whole LTE bandwidth. Therefore, it is easier to find more UE to multiplex together into one DCI. DCI format 3/3A can be used. One new RNTI can be used to differentiate from normal UL/DL grant. Each UE/HARQ process can be configured a field within the new DCI, 1 bit for HARQ-ACK and HARQ process number. It can be further study if repetition number or power control needs to be carried in the new DCI format. 4~8 UE can be multiplexed into one DCI as analysis in [2] and 87.5% DL overhead can be saved.    
Observation 2: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission can provide most significant gain for DL overhead reduction. 
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. 

References
[bookmark: _Ref481488093][bookmark: _Ref477790038]R1-1705013, “Uplink HARQ-ACK feedback”	Qualcomm Incorporated 
R1-1707919, “Uplink HARQ-ACK feedback for eMTC” Samsung  
image2.png
MPDCCH MPDCCH





image1.png
MPDCCH





