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1 Introduction

One of the objectives of the Rel-15 WI on “even further enhanced MTC (efeMTC)” for LTE [1] is to study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
This contribution considers motivations and potential benefits for introducing a physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL. 
2 Mechanisms for Uplink HARQ-ACK Feedback
Rel-14 supports asynchronous adaptive HARQ for PUSCH transmissions and UL HARQ-ACK is provided by an UL DCI format. This mechanism was specified at the last meeting of the Rel-13 WI on eMTC when it was realized that, with the available specifications at that time, synchronous HARQ could not be supported and a corresponding working assumption was changed. 

Non-BL/CE UEs support both adaptive and non-adaptive PUSCH retransmissions. The inability of BL/CE UEs to receive PHICH led to the considering only adaptive PUSCH retransmissions but this is only a design consequence and not a fundamental reason (particularly considering that non-adaptive PUSCH retransmissions are supported for non-BL/CE UEs that typically have applications requiring larger data TBs or higher latency sensitivity). From a basic design perspective, considering than BL/CE-UEs can have a much larger density than non-BL/CE UEs and that the former typically have UL-dominant traffic while the latter typically have DL-dominant, having support for non-adaptive HARQ for non-BL/CE UEs and not for BL/CE UEs is a design inconsistency. Having only adaptive HARQ for PUSCH transmissions associated with machine-type communications is inefficient at least for the following reasons. 

First, MPDCCH transmissions for UEs with 1 Rx antenna are ‘expensive’ in terms of spectral efficiency and the MPDCCH is the coverage limiting channel in the DL. Although machine-type communications traffic is typically UL dominant, BL/CE UEs need to coexist on same carriers with non-BL/CE UEs for which traffic is typically DL-dominant and unavailability of several narrowbands over multiple subframes, due to MPDCCH transmissions scheduling PUSCH (re)transmissions from BL/CE UEs, is detrimental to DL spectral efficiency. Nevertheless, for dynamic PUSCH scheduling, this would not be a major concern if a target BLER for initial transmission of a data TB was sufficiently low, such as 10% or lower. However, in practice and for delay non-sensitive services, it is beneficial to target a relatively large BLER for an initial transmission of a data TB. For example, without accounting for time diversity gains associated with the different time instances for an initial transmission and a retransmission of a data TB, a number of repetitions required to achieve a 10% BLER for a PUSCH transmission is more than twice a number of repetitions required to achieve a 30% BLER for a PUSCH transmission and it is actually ~4x (e.g. [2]). Therefore, it can be beneficial for improving PUSCH spectral efficiency for a scheduler to target a relatively large BLER for an initial transmission of a data TB in a PUSCH. However, such gains in UL spectral efficiency are currently offset by losses in DL spectral efficiency due to the requirement to transmit MPDCCH to schedule a PUSCH retransmission for each UE having an incorrect detection for a data TB transmission.  
Observation 1: It can be beneficial in terms of spectral efficiency and UE power consumption for a network to operate PUSCH transmissions for BL/CE UEs with higher BLER than for non-BL/CE UEs. 

Second, at least when repetitions are required for PUSCH transmissions from BL/CE, gains from link adaptation through frequency domain scheduling are minimal and frequency hopping suffices. Therefore, having only adaptive retransmissions (but also having only adaptive initial transmissions) is design ‘overkill’ and reduces DL spectral efficiency (and UL spectral efficiency for a TDD system).   

Observation 2: Adaptive PUSCH retransmissions are typically unnecessary for BL/CE UEs. 
Third, for small data TBs associated with many MTC applications, the control overhead is large. Although DCI formats for BL/CE UEs are reduced in size relative to non-BL/CE UEs, any reduction is ultimately limited in relative value due to the 16-bit CRC. Considering that the difference in target BLERs between MPDCCH and PUSCH is at least an order of magnitude, such as for example 1% BLER for MPDCCH vs. 30% BLER for the PUSCH, more resources are needed to transmit a MPDCCH than to transmit a PUSCH even when the PUSCH is with MCS5 (over 1 PRB).  

Observation 3: Transmission of MPDCCH can require more resources than a transmission of a scheduled PUSCH. 
Fourth, support of asynchronous HARQ for BL/CE UEs, SPS PUSCH transmissions, and latency tolerance for some applications, can significantly increase opportunities for jointly providing HARQ-ACK feedback to a number of UEs instead of transmitting respective multiple MPDCCHs to schedule PUSCH transmissions for a new transmission or for a retransmission of a data TB.
Observation 4: An eNB can transmit in a same subframe HARQ-ACK for PUSCH transmissions from multiple UEs.
There are also several other occasions where PUSCH transmissions occur simultaneously from multiple UEs, such as for example for Msg3 transmissions scheduled by a same RAR, where having adaptive retransmissions can be problematic as it can prolong a time when a UE can be scheduled a retransmission and result to congestion/blocking in an MPDCCH search space used for MPDCCH transmissions. MPDCCH blocking for scheduling Msg3 retransmissions and scheduling Msg4 or PDSCH with RRCConnectionSetup was one of the main reasons for introducing asynchronous HARQ for eMTC in Rel-13. 
Observation 5: Using a DCI format to convey HARQ-ACK information to multiple UEs can reduce MPDCCH blocking.
Use of a PDCCH that provides a DCI format conveying HARQ-ACK (for UEs with same coverage enhancement level) was considered in Rel-13 eMTC (e.g. [3-5]) but was not concluded primarily due to the lack of time and partially due to the assumption of synchronous HARQ for PUSCH transmissions until the last WI meeting. On the other hand, SPS PUSCH transmissions are supported and, on NR, there is even consideration of having non-orthogonal PUSCH transmissions on same time-frequency resources. Based on the above analysis, it is deemed beneficial to support non-adaptive PUSCH retransmissions with low DL control overhead and provide a PHICH-like functionality to BL/CE UEs. An additional benefit of using a DCI format to provide HARQ-ACK is the CRC support that does not exist for PHICH-based HARQ-ACK transmission.
The specification impact for introducing a DCI format conveying HARQ-ACK can be minimal as configuration of the HARQ-ACK location can be used for SPS PUSCH transmissions, similar to the configuration of the TPC command location for DCI format 3/3A, or explicit/implicit indication can be used for dynamic PUSCH transmissions as for determining a PHICH resource or a PUCCH resource for non-BL CE UEs. The implementation impact is trivial at both the eNB and the UE as no new processing is required. The transmissions and reception of the DCI format can be as usual and no additional blind decoding operations are needed at the UE as the DCI format size can be same as for the UL/DL DCI formats or for DCI format 3/3A.  

Observation 6: Specification and UE/eNB implementation complexity to support HARQ-ACK transmissions through the use of a DCI format are minimal.
As for non-BL/CE UEs, an eNB can schedule adaptive PUSCH retransmission when it so chooses and this capability is maintained for BL/CE UEs (and, obviously, support of a DCI format conveying HARQ-ACK is not mandated on a network). Due to the asynchronous HARQ support for BL/CE UEs, the UE behavior does not need to be specified if the UE fails to detect a PDCCH conveying HARQ-ACK while the eNB behavior remains the same as when the UE fails to detect an UL DCI format. 
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: Non-adaptive PUSCH transmissions are supported through HARQ-ACK in a DCI format. 

3 Conclusions

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: Non-adaptive PUSCH transmissions are supported through HARQ-ACK in a DCI format. 
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