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1. Introduction

The PUCCH is used to transmit UCI such as ACK/NACK, SR, CQI, and PMI/RI. Not all of this information may be needed when the UE is in coverage enhancement mode. In this contribution, we examine UCI to be supported in coverage enhancement mode.
2. Supported UCI in Coverage Enhancement Mode
In [1], coverage enhancement of PUCCH Format 1A using repetition was studied.  For 20dB coverage improvement, the performance requirement can be achieved using repetition factor of 50 (assuming multi-subframe channel estimation).   For 15dB coverage improvement, it is expected that the performance requirement can be achieved using repetition factor of approximately 20-30. Although other PUCCH formats were not studied, it is also expected that their performance requirements can be similarly satisfied using repetition.
The following UCI conveyed by the PUCCH may be considered in coverage enhancement mode –
· ACK/NACK: Without ACK/NACK, the eNB would have to rely on RLC-level ARQ. This may be reasonable for delay-tolerant traffic. However, by relying on RLC ARQ, the eNB will lose the benefits of HARQ which can include diversity gain and adaptive retransmission. Furthermore, even if the traffic is delay tolerant, the delay budget may be exceeded if we need to rely on RLC ARQ only. Also, without HARQ a smaller initial BLER target may be needed (e.g. 1% without HARQ versus 10% with HARQ). This can result in substantially larger number of repetitions required for the PDSCH. For instance, from [2] it can be seen that approximately 4dB gain is neeeded to achieve 1% instead of 10%.  This will require more than doubling the number of PDSCH repetitions. Thus, from both overhead and latency points of view, it makes sense to support ACK/NACK.  
· SR: The amount of repetition required for the Scheduling Request (SR) will be similar to that of the ACK/NACK. Without support for SR, the UE will have to use the PRACH to convey pending data to the eNB. To use the PRACH for this purpose will need both PRACH and RAR (PDCCH + PDSCH) transmissions, all of which require extensive resources. In addition, this can increase the load on the random access channel, leading to collisions and reduced capacity. If the UE only has timed transmission (e.g. smart meter timed to report once a day), then it might make sense to rely on the PRACH for scheduling request. However, other traffic models can lead to inefficient system operation if SR is replaced with PRACH. Thus, it is proposed that SR should be supported with repetition as the main technique for coverage enhancement. Note that currently the maximum SR periodicity is 80ms which may be extended for MTC UEs in coverage extension mode to further reduce overhead.  
· CQI: Coverage-limited UEs can provide approximate amount of required coverage improvement via initial PRACH selection (e.g. based on the PRACH repetition factor selected by the UE). The eNB can further use RSRP/RSRQ reporting by the UE to fine-tune the amount of repetitions and/or PSD boosting. They reflect, however, long-term channel characteristics. To track short-term variations, CQI is needed. However, it may not be necessary to track short-term variations since the MCS granularity (e.g. supported repetition factor and PSD boosting) can be very coarse.  Furthermore, MTC traffic may be transmitted in non-busy periods where PDSCH resource utilization is not a major concern. Moreover, as the transmission of a single data packet might require plenty of transmissions, the instantaneous short-term channel knowledge is not required and some long(er)-term channel quality parameters will be sufficient. Transmitting the periodic CQI also requires a lot of reserved PUCCH resource which can lead to higher PUCCH system overhead. Therefore, it may not necessary to support periodic CQI reports carried on PUCCH in coverage enhancement mode. Long(er)-term channel quality may be acquired by the network using the RSRP/RSRQ measurement reports. Alternately, long(er)-term CQI report for coverage enhancement may be transmitted using aperiodic PUSCH mechanism. Note that a new CQI table or mapping will be needed if aperiodic CQI is to be supported in coverage enhancement mode.
· RI: Coverage-limited UEs won’t be able to support multi-stream transmission, so there is no need to support rank reporting.
· PMI: In some cases, the UE may be able to achieve considerable beamforming or precoding gain. This is especially true for systems with large number of antennas. With limited or no UE mobility, the preferred PMI may remain unchanged for a long term. Hence, periodic PMI reporting on the PUCCH is not needed. However, it may be beneficial to transmit long-term PMI report to the eNBs using aperiodic reporting on the PUSCH. Therefore, it is proposed to consider further whether aperiodic PMI may be useful.  
3. Coverage Enhancement
Figure 1 illustrates PUCCH Format 1A performance.  Without repetition, the 1% BLER performance point of the PUCCH is achieved at -7.4 dB.  For the PUCCH, the required coverage improvement is 8.5 dB for FDD.  Using the SINR requirement of -15.9dB for FDD as the guideline, it is seen from Figure 1 that this can be achieved using repetition factor of 8.   
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Figure 1.  PUCCH (1A) performance with repetition (FDD). 

Currently, repetition is supported for the ACK/NACK with repetition factors of 2, 4, and 6. One spare value remains available in the RRC configuration and may be used to support 15dB coverage enhancement. The same framework for repetition can also be introduced for SR. 
4. Conclusions
In this contribution, UCI to be conveyed on PUCCH in coverage enhancement mode are considered.  The following recommendations are made –
· SR and ACK/NACK should be supported.
· No need to support periodic CQI, PMI and RI reporting on the PUCCH.
· Study further whether aperiodic PMI and CQI reporting on the PUSCH may be useful.
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