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1 Introduction
During Rel-12 MTC, some working assumptions were made for PUCCH as following [1]. However, So far, there has been some discussion on PUCCH functionality.
In this contribution, we discussed PUCCH functionality for Rel-13 MTC UEs under normal coverage and enhanced coverage. Based on the discussion, some observations and proposals are made.
2 Discussion
PUCCH functionality for Rel-13 MTC UEs under normal coverage
Legacy PUCCH functionalities include SR, DL HARQ-ACK feedback and periodic CSI report. SR is used for UL resource request if a UL data packet is arrival or some report is triggered by MAC layer. If SR using PUCCH is eliminated, PRACH needs to be used for replacement. However, the collision probability of PRACH resource will be severely deteriorated. DL HARQ-ACK feedback is used to support DL HARQ function in MAC layer. If HARQ function is eliminated, retransmission may be trigger by RLC layer for a RLC PDU even though only one MAC PDU is error. Thus, the retransmission of the RLC PDU will expend a large amount of physical resource. Periodic CSI report is used for UL resource scheduling at eNB side. And periodic CSI report using PUCCH is more efficient than using PUSCH from the perspective of physical resource usage, especially for a CSI report with a small payload size. Under normal coverage, the legacy PUCCH functionalities are still required for Rel-13 low complexity MTC UEs. Therefore, SR, DL HARQ-ACK feedback, and periodic CSI report using PUCCH should be supported for Rel-13 MTC UEs under normal coverage.  
Proposal #1: SR, DL HARQ-ACK feedback, and periodic CSI report using PUCCH should be supported for Rel-13 MTC UEs under normal coverage.
PUCCH functionality for Rel-13 MTC UEs under enhanced coverage
Under coverage enhancement, bad effects caused by eliminating SR and DL HARQ-ACK feedback may be more serious. For example, collision probability of PRACH may be much worst due to a smaller number of PRACH resources during a given time considering PRACH repetition. And retransmission of a RLC PDU may consume more physical resource considering physical channel repetition. Therefore, SR and DL HARQ-ACK feedback using repeated PUCCH should be supported for Rel-13 MTC UEs under coverage enhancement. Comparing with normal coverage, channel quality under coverage enhancement may be relatively stable and periodic CSI report may not be necessary. Therefore, periodic CSI report using repeated PUCCH needn’t be supported for Rel-13 MTC UEs under coverage enhancement. 

Proposal #2: SR and DL HARQ-ACK feedback using repeated PUCCH should be supported for Rel-13 MTC UEs under enhanced coverage.
Proposal #3: Periodic CSI report using repeated PUCCH repetition needn’t be supported for Rel-13 MTC UEs under enhanced coverage.
Regarding to HARQ transmission for UE in CE mode, it seems not necessary to support adaptive HARQ, which may cause the large control overhead due to the data retransmission associated control channel and high power consumption for UE reception. From the performance perspective, the adaptation on MCS may not help much for UE in CE mode with quite low working SINR. Instead, it may make sense to adjust the repetition number which provides the fine granularity on link adaptation. However, the required number of downlink repetition is more related to UE demodulation performance, which is better known by UE than eNB. 
Therefore, besides SR and DL HARQ-ACK feedback, the new PUCCH functionality for coverage enhancement with channel repetition may be helpful, e.g. reporting the (estimated) number of repetitions based on demodulation result of repeated PDSCH to assist adjustment of repetitions at eNB. For example, if early decoding is tried by a UE, a repeated PDSCH may be successfully detected with a smaller number of repetitions than scheduled repetition number. Thus, the number of actual used repetitions for the successful detection is reported associated with ACK. When the repeated PDSCH is not successfully detected, the UE may check the accumulated effective SINR from repetitions against the target SINR to estimate a repetition number required for next retransmission of the PDSCH. Thus, the accumulated effective SINR or the estimated repetition number can be carried in PUCCH associated with NACK. If these additional detection results can be reported to serving eNB, the eNB may adaptively adjust the repetition number of next PDSCH for new data transmission or retransmission based on the UE report. For example, the eNB may set a smaller repetition number for next PDSCH with new data transmission if ACK is received, or set a repetition number around the estimated repetition number by the UE for next PDSCH with retransmission. The step-by-step adjustment may be helpful for converge the repetition number towards the practically required value.
Proposal #4: PUCCH functionality on reporting the preferred repetition level can be added to assist adjustment of PDSCH repetition number.
3 Conclusion
In this contribution, we discussed PUCCH functionality for Rel-13 MTC UEs under normal coverage and enhanced coverage. Based on the discussion, we have following observations and proposals:   
Proposal #1: SR, DL HARQ-ACK feedback, and periodic CSI report using PUCCH should be supported for Rel-13 MTC UEs under normal coverage.
Proposal #2: SR and DL HARQ-ACK feedback using PUCCH should be supported for Rel-13 MTC UEs under enhanced coverage.
Proposal #3: Periodic CSI report using PUCCH needn’t be supported for Rel-13 MTC UEs under enhanced coverage.

Proposal #4: PUCCH functionality on reporting the preferred repetition level can be added to assist adjustment of PDSCH repetition number.
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