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1 Introduction

In RAN1#81, the following agreements were made with respect to PUCCH transmissions from Rel-13 UEs.
Agreements:

· For Rel-13 low complexity MTC UEs and UEs operating coverage enhancement for PUCCH
· Both slots in a subframe are used for transmission of a PUCCH.

· At least for system BW>6RBs, slot-based hopping {within a narrowband and within a subframe} is not supported.

· MTC SIB indicates at least two PUCCH narrowband regions for MTC 

· FFS whether or not the indication is per CE level or the same for all CE levels

· The PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH

· The multiplexing between PUCCH resources in the same PRB for Rel-13 low complexity UEs and legacy UEs is not prohibited

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot

· FFS: How to determine PUCCH repetition resources for Msg4 feedback.

This contribution considers some of the above and some additional FFS issues related to PUCCH transmissions from Rel-13 low cost UEs. Aspects related to frequency hopping (FH) are discussed in [1].
2 UCI on PUSCH or PUCCH  
HARQ-ACK 

Whether a UE in coverage enhanced (CE) operation transmits “only ACK” or “only NACK” or “both ACK and NACK” is considered in [2].

For HARQ-ACK multiplexing in PUSCH, since HARQ-ACK feedback consists of a single HARQ-ACK bit, existing PUSCH resources are sufficient. The link budget difference for HARQ-ACK transmission between PUCCH and PUSCH is ~4 dB (3 symbols per slot used to transmit HARQ-ACK/RS on PUSCH vs. 7 symbols per slot on PUCCH). This difference can be absorbed in the >2x repetitions required for PUSCH transmission over PUCCH transmission (e.g. maximum required CE is 11.5 dB for PUCCH when it is 18 dB for PUSCH). Otherwise, if HARQ-ACK multiplexing in the PUSCH is not supported, whenever a 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. Such collisions can occur for SPS PDSCH and SPS PUSCH in general and for dynamic PDSCH and PUSCH transmissions without repetitions (as in legacy operation).
To reduce UE power consumption, it is preferable to have a single transmission for data and HARQ-ACK and allow a network to target scheduling so that HARQ-ACK and data are multiplexed (or not multiplexed) in the PUSCH. This is because the number of “HARQ-ACK + data” repetitions in PUSCH can be less than the number of PUCCH repetitions and the number of data-only PUSCH repetitions (as the DMRS can be re-used for both HARQ-ACK and data). 

Proposal 1: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  
SR
The PUCCH transmission pattern for SR can be the same as for HARQ-ACK (single design). For UEs operating with CE and transmitting only ACK or NACK, SR and HARQ-ACK transmissions can be configured the same number of repetitions and it may even be possible for a UE to jointly transmit HARQ-ACK and SR without resource selection (i.e. using a PUCCH resource for HARQ-ACK) [2]. 
Proposal 2: 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 subframes.

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% while the number of A-CSI information bits can be comparable to the number of data information bits. Further discussion is needed on the CE 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 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, improve DL spectral efficiency, and reduce UE power consumption.  

Proposal 3: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
3 PUCCH Transmission 
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 [3]. The tolerance of PUCCH and particularly HARQ-ACK transmissions relying on time domain orthogonal multiplexing to near-far effects in the presence of time errors is much smaller than for any other UL channel. Although it would be desirable for the MTC SIB to indicate PUCCH resources for HARQ-ACK multiplexing with a smaller CE level granularity than for PRACH, if no TDM was applied to PUCCH transmissions for the different CE levels, at a minimum different PUCCH resources (RBs) should be separately configured for different CE levels. This can allow a network to configure the same resources (RBs) if the network can arrange PUCCH transmissions from UEs at different CE levels to not overlap in time. Moreover, the two indicated narrow-band regions should be two RBs in respective two narrow-bands and not the narrow-bands. It would then be possible to use the same narrow-bands for PUCCH transmissions from UEs in different CE levels by using different RBs within the narrow-bands. Otherwise, UL BW fragmentation can be considerable when a network supports 4 CE levels.  

Proposal 4: MTC SIB provides separate configuration for two RBs in two respective narrow-bands for PUCCH transmission per CE level.
HARQ-ACK transmissions from 18 UEs (or even 36 UEs in flat (e.g. EPA-type) channels) can be multiplexed in a same PRB using PUCCH format 1a. Therefore, as a EPDCCH/PDSCH transmission with repetitions is expected to occupy a narrow-band of 6 RBs, there can be a 1-to-1 association between narrow-bands where the first M-PDCCH repetition, or the first PDSCH repetition (in case different M-PDCCH transmissions with repetitions can be multiplexed in the same narrow-band), is transmitted and the PUCCH resource in the respective RB. 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 5: A Rel-13 low cost UE determines a PUCCH resource in a RB from the index of the narrow-band where the UE receives the first repetition of a respective M-PDCCH or of a respective PDSCH transmission.
Finally, slot-level hopping across two narrow-bands can be supported as it can provide BLER gains (i.e. lowe the required PUCCH transmission power) and does not fundamentally differ than subframe-level hopping (only the time unit for hopping differs but the time unit should anyway not be the same for different CE levels and channels [1]).  
Proposal 6: Slot-based hopping across two narrow-bands is supported.  
4 Conclusions

This contribution considered UCI transmissions on PUCCH on PUSCH from Rel-13 low cost UEs and proposes the following.
Proposal 1: No change in Rel-12 HARQ-ACK multiplexing in PUSCH for Rel-13 low cost UEs.  

Proposal 2: 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 subframes.

Proposal 3: Sub-band CQI feedback is supported. Further consider possible A-CSI payloads and associated coverage enhancement levels.
Proposal 4: MTC SIB provides separate configuration for two RBs in two respective narrow-bands for PUCCH transmission per CE level.
Proposal 5: A Rel-13 low cost UE determines a PUCCH resource in a RB from the index of the narrow-band where the UE receives the first repetition of a respective M-PDCCH or of a respective PDSCH transmission.
Proposal 6: Slot-based hopping across two narrow-bands is supported.  
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