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1 Introduction

HARQ-ACK transmission for Rel-13 UEs was discussed in RAN1#80bis and the following was agreed in case of coverage enhancements.
Agreements:
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 
· HARQ-ACK and SR over PUCCH is supported
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
This contribution considers operating conditions and tradeoffs for a Rel-13 low cost UE operating with CE to transmit only ACK, or only NACK, or both ACK and NACK in a PUCCH.
2 Transmission of HARQ-ACK Information 
There are two inter-dependent factors to determine whether a UE should transmit ACK or NACK, only ACK, or only NACK; namely, performance and power consumption. As an eNB already implements DTX detection, there are no additional implementation requirements on the eNB receiver and, obviously, there are no additional requirements on the UE transmitter.

SPS PDSCH

Transmission of only NACK (no ACK) is not applicable in case of dynamic scheduling as an eNB cannot distinguish between DTX (UE misses a DL grant) and ACK (UE correctly detects data TB). However, transmission of only NACK is applicable for SPS PDSCH transmissions that are an important use case for Rel-13 UEs operating with coverage enhancements (CE) as it can be associated with substantial power and spectral efficiency gains (no need for a network to transmit and for a UE to receive M-PDCCH repetitions) while scheduling optimizations associated with dynamic scheduling are not important for scheduling small data TBs to CE UEs.
In case a Rel-13 UE operating with CE transmits only NACK in response to SPS PDSCH receptions, the transmission scheme is OOK and has a 3 dB BLER loss relative to BPSK. The UE needs to transmit approximately 2-3x more PUCCH repetitions to recover the 3 dB loss (~2x for smaller CE levels, ~3x for higher CE levels as channel estimation accuracy becomes the BLER limiting factor). The additional number of repetitions is counter-balanced by the fact that the UE transmits only when it needs to report NACK. Assuming a 10% SPS PDSCH BLER and N repetitions in case the UE transmits ACK or NACK, an average number of repetitions the UE needs to transmit when it reports only NACK is ~0.2N for small CE levels and ~0.3N for large CE levels. Therefore, the number of PUCCH transmissions from a Rel-13 UE operating with CE is reduced by a factor of 3x-5x when the UE transmits only NACK in response to a SPS PDSCH reception. This is beneficial both in terms of UE power consumption that is dominated by the UE transmitter and in terms of interference in a PRB pair shared by other UEs with a same CE level. 
Proposal 1: For SPS PDSCH, a Rel-13 UE operating with CE reports only NACK by PUCCH Format 1a. 

Full HARQ-ACK Information (ACK, NACK, DTX) – Dynamic PDSCH
For full HARQ-ACK information, an eNB receiver needs to not only detect an ACK or a NACK but it also needs to detect DTX (tri-state detection). It is noted that this aspect has not been considered in past evaluations for the number of required PUCCH repetitions for a CE level and can result to a significant increase (~2x for large CE levels, less for smaller CE levels) in the number of PUCCH repetitions. Moreover, DTX detection is not straightforward for very low operating SINRs and effectively necessitates PUCCH transmission without hopping over a number of subframes [1] in order to enable received power accumulation. Also, in practice, setting by the eNB receiver a DTX threshold value so that a 1% ACK-to-NACK BER and a 0.1% NACK-to-ACK BER are achieved at approximately the same SINR is neither exact nor simple particularly for very low UE operating SINR values that cannot be accurately known to the eNB. 
Figure 1 presents the HARQ-ACK BER with and without DTX detection assuming PUCCH transmission in a same RB over 4 successive subframes prior to RB hopping. No frequency error and ideal SINR knowledge at the eNB were assumed and therefore the results can be seen as optimistic. 

For a DTX-to-ACK probability of ~0.2%, the SINRs for 1% ACK BER and for 0.1% NACK BER are roughly balanced while for a DTX-to-ACK probability of ~1%, the SINR for 1% ACK BER is about 1.5 dB larger than for 0.1% NACK BER. The additional SINR required with DTX detection is ~1,5 dB more than without DTX detection. For a UE with 20 dBm PA and 155.7dB MCL, the target PUCCH SINR is -19.3 dB and, with DTX detection, it is expected to require ~32 repetitions.
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Figure 1: ACK BER and NACK BER with DTX Detection and ACK/NACK BER without DTX detection.

In Rel-12, the main purpose for an eNB to be informed of a NACK is to select an appropriate RV for HARQ retransmission of a data TB. This is not needed for a Rel-13 UE operating with CE as data TBs will be small (minimal/no gains from IR over CC [2]) and there is anyway no reason to adapt the RV in case RV cycling is used among PDSCH repetitions. It was also not deemed necessary in Rel-10 as, for PUCCH Format 3, DTX and NACK are represented by a same state and explicit DTX detection is not supported. By transmitting only ACK, the eNB receiver can treat NACK/DTX as a single state (already an eNB capability) and perform a 2-state, instead of a 3-state, detection by effectively considering only the DTX-to-ACK probability. It is noted that even if the UE transmits ACK or NACK, a performance requirement for OOK signaling detection still exists at the eNB receiver (for DTX-to-ACK). Therefore, a performance limitation for tri-state detection (ACK, NACK, DTX) includes the same limitation as for two-state detection (ACK, NACK/DTX).  

Additionally, same circuitry as for SR detection (probability of missed detection is same as ACK-to-DTX probability and probability of false alarm is same as DTX-to-ACK probability) can be used and this also enables a network to use a same PUCCH resource for HARQ-ACK and SR transmission (SR is already transmitted as NACK) and determine a single DTX instead of determining multiple DTXs (SR DTX, HARQ-ACK DTX) in separate resources that can lead to worse performance. The same can apply for NACK transmission in response to SPS PDSCH (SR will need to be transmitted as ACK in this case). This is a network implementation issue and only requires that the PUCCH resource for HARQ-ACK transmission is configured by RRC. 
One shortcoming for not explicitly supporting DTX detection has been suggested to be the limitation at an eNB to perform M-PDCCH link adaptation. However, this is very slow adaptation and is not expected to be applicable or accurate for Rel-13 UEs operating with CE as it would be highly spectrally inefficient; CQI feedback, or adaptive determination by the eNB using different M-PDCCH repetition levels, or feedback of required repetition level by the UE should fundamentally provide much more accurate link adaptation. 

Proposal 2: For dynamic PDSCH, a Rel-13 UE operating with CE reports only ACK by PUCCH Format 1a. 

3 Conclusions

This contribution considered the HARQ-ACK information type that a Rel-13 UE operating with CE is preferable to transmit in terms of power consumption, performance, and eNB receiver implementation. In particular, the following are proposed.

Proposal 1: For SPS PDSCH, a Rel-13 UE operating with CE reports only NACK by PUCCH Format 1a. 

Proposal 2: For dynamic PDSCH, a Rel-13 UE operating with CE reports only ACK by PUCCH Format 1a. 
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