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1 Introduction

During Rel-12 discussions, the following was concluded as a working assumption.

For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats)

Additionally, in RAN1#80, it was agreed that a Rel-13 low cost UE in need of “large” coverage enhancements is not required to measure and report P-CSI as respective measurements can be inaccurate – it is FFS for what level of coverage enhancements the UE cannot accurately measure P-CSI (and, consequently, A-CSI).

This contribution considers UCI transmission aspects for a Rel-13 low cost UE. 
2 UCI Transmission on PUCCH
HARQ-ACK 

HARQ-ACK transmission is beneficial in allowing physical layer HARQ instead of having to rely on RLC ARQ and introducing significant latency. Also, if retransmissions from higher layers were to be relied upon, the PDSCH target BLER would have to be much less than 10% in order to avoid excessive retransmissions. DL spectral efficiency is then decreased as a PDSCH BLER much smaller than 10% would require many more PDSCH repetitions. 
To reduce power consumption, the Rel-13 low cost UE can transmit HARQ-ACK only when it needs to convey an ACK. This reduces both the number of occasions when the Rel-13 low cost UE transmits and the number of repetitions required for a given coverage enhancement level as the network needs to detect 2 states (ACK, NACK/DTX instead of 3 states – 1% target BER for ACK instead of 0.1% target BER for NACK). There is no impact from mapping NACK to DTX as for small data TBs, there is virtually no difference between IR and chase combining. Moreover, if IR is supported for PDSCH transmissions to Rel-13 low cost UEs, RV cycling can apply for PDSCH transmissions with repetitions (agreed in RAN1#80 for PUSCH transmissions), there is obviously no impact from mapping NACK to DTX.  

Proposal 1: A Rel-13 low cost UE transmits HARQ-ACK in the PUCCH only when it conveys ACK. 

HARQ-ACK feedback from a Rel-13 low cost UE consists of a single HARQ-ACK bit and there is no apparent problem with multiplexing HARQ-ACK in the PUSCH transmission, particularly if inter-subframe DMRS filtering is enabled. The link budget difference is 3 dB (2 symbols per slot used to transmit HARQ-ACK on PUSCH vs. 4 symbols per slot on PUCCH) but this is easily absorbed in the >2x repetitions required for PUSCH transmission over PUCCH transmission for a given coverage enhancement level. Otherwise, if HARQ-ACK multiplexing in the PUSCH is not supported then, whenever the UE needs to transmit HARQ-ACK and data in a same subframe, the UE will need to drop PUSCH in order to transmit HARQ-ACK in the PUCCH. 
From a UE power consumption standpoint, it is preferable to have a single transmission for data and HARQ-ACK and allow a network to actually target scheduling so that HARQ-ACK and data are multiplexed in the PUSCH. This is because the number of “HARQ-ACK + data” repetitions in PUSCH will be less than the number of PUCCH repetitions and the number of data-only PUSCH repetitions. It is noted that it is generally possible for a UE to multiplex HARQ-ACK in a PUSCH transmitted with repetitions in case of SPS PDSCH and/or SPS PUSCH. 
Proposal 2: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  
SR
The argument in favor of supporting SR is that SR transmission requires less resources and less total UE power consumption than RA preamble transmission and, unlike RA preamble transmissions, collisions among SR transmissions from different UEs can be avoided. 

The PUCCH transmission pattern for SR can be the same as for HARQ-ACK (single design). In case of collision between an ongoing SR transmission with repetitions and a HARQ-ACK transmission with repetitions, HARQ-ACK and SR can be multiplexed in a subframe as in Rel-12. Additionally, given that one HARQ-ACK bit is transmitted, the number of SR repetitions can be same as the number of HARQ-ACK repetitions and, for a given repetition level, transmissions of the two UCI types can be configured to coincide at least for SPS PDSCH (this can also reduce overhead). It should be possible to avoid multiplexing SR repetitions from UEs with different CE levels (different numbers of repetitions) in a same RB. The same should apply for HARQ-ACK repetitions.
Proposal 3: SR transmission from Rel-13 low cost UEs uses the same PUCCH transmission pattern as HARQ-ACK transmission. Transmissions of HARQ-ACK and SR can be multiplexed in the same subframe.

CSI 

P-CSI feedback, when supported, can be up to the eNB to configure. Larger periodicities than existing ones can be introduced for Rel-13 low cost UEs. A-CSI feedback in the PUSCH (likely to be an “A-CSI only” PUSCH) may require a different number of repetitions than data transmission as the A-CSI BLER is typically around 1% and the data BLER is typically 10% (the network may operate a data BLER even larger than 10% for coverage limited UEs) while the number of A-CSI information bits can be comparable to the number of data information bits. Further discussion is needed on the coverage enhancement levels required for A-CSI feedback and on the A-CSI feedback payloads.  
CQI feedback for sub-band selection, in case of a limited/no mobility Rel-13 UE operating with CE, can be beneficial in order for the eNB to select a sub-band where the UE experiences large SINR and, instead of frequency hopping (FH), transmit all PDSCH repetitions in the same sub-band (long term PMI can be used). This can decrease the number of PDSCH/EPDCCH repetitions and therefore improve DL spectral efficiency and reduce UE power consumption.  

Proposal 4: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
3 PUCCH Transmission 
Using the Rel-12 PUCCH transmission pattern for a Rel-13 low cost UE would result in the PUCCH being transmitted in one of the lower/higher indexed RBs, within 6 consecutive RBs, in the first/second slot of a subframe. Due to the narrow transmission bandwidth and the likely frequency non-selective channels, especially for coverage limited quasi-stationary UEs, PUCCH BLER will degrade and this will lead to a larger number of repetitions and UE power consumption particularly for UEs with 20 dBm PA. Conversely, FH of PUCCH repetitions in RBs with large frequency separation offers at least 3 dB gains for target BLERs of 1% [1], reduces the required number of repetitions (at least by 2x), improves spectral efficiency and reduces UE power consumption. It is noted that FH is supported data transmissions having a larger BLER target than UCI transmissions.
In addition to the gains from FH, improving channel estimation is crucial for obtaining expected SINR gains from repetitions. This is because for coherent demodulation, the effective SINR depends both on the DMRS SINR and the data SINR and improving only the latter by repetitions will result to a floor in SINR gains as the number of repetitions increase. Therefore, PUCCH transmission should enable inter-subframe DMRS filtering to improve channel estimation. 

The PUCCH transmission pattern in Figure 1 combines the benefits from both FH and inter-subframe DMRS filtering. The RBs of the PUCCH transmission in each slot can be separated by more than 4 RBs and can be either configured to or determined by the low cost UE according to a predetermined mapping. A switching subframe for frequency retuning, if needed, can be added.

[image: image1]
Figure 1: PUCCH Transmission with Repetitions from a Rel-13 Low Cost UE.

Proposal 5: A Rel-13 low cost UE that is configured to transmit PUCCH with repetitions, transmits first repetitions in a first RB and transmits the remaining repetitions in a second RB where the first RB and the second RB can be separated by more than 4 RBs.  

RBs for PUCCH transmission can be configured to a Rel-13 low cost UE by RRC signaling. PUCCH resources for different CE levels (different numbers of repetitions) should not be shared in a same RB in order to avoid near-far effects. Given that HARQ-ACK transmission using PUCCH format 1a can be typically multiplexed by 18 UEs (or even 36 UEs) in a same RB and that EPDCCH/PDSCH transmissions for CE operation are expected to occupy 6 RBs, there can be a 1-to-1 association between groups of 6 RBs where the first M-PDCCH or PDSCH repetition is transmitted and the PUCCH resource in the respective RB for a given number of repetitions. Therefore, further compression of PUCCH resources is unnecessary and inclusion of the HARQ-ACK resource offset field in a compact DL DCI format can be avoided.
Proposal 6: A Rel-13 low cost UE is configured by RRC the RB(s) for PUCCH transmission and determines the PUCCH resource in the RB from the index of the set of 6 RBs where it receives the first repetition of the respective EPDCCH or PDSCH transmission.
4 Conclusions

This contribution considered UCI transmission from Rel-13 low cost UEs and proposes the following.
Proposal 1: A Rel-13 low cost UE transmits HARQ-ACK in the PUCCH only when it conveys ACK. 

Proposal 2: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  

Proposal 3: SR transmission from Rel-13 low cost UEs uses the same PUCCH transmission pattern as HARQ-ACK transmission. Transmissions of HARQ-ACK and SR can be multiplexed in the same subframe.

Proposal 4: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
Proposal 5: A Rel-13 low cost UE that is configured to transmit PUCCH with repetitions, transmits first repetitions in a first RB and transmits the remaining repetitions in a second RB where the first RB and the second RB can be separated by more than 4 RBs.  

Proposal 6: A Rel-13 low cost UE is configured by RRC the RB(s) for PUCCH transmission and determines the PUCCH resource in the RB from the index of the set of 6 RBs where it receives the first repetition of the respective EPDCCH or PDSCH transmission.
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