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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices by 20 dB.  In this contribution we discuss some coverage improvement for PUCCH.
2 Discussion
PUCCH carries the CSI, ACK/NACK and SR information.  

2.1 CSI

In such extreme coverage and low data rates, MIMO is unlikely to be used and hence RI feedback is not required. 
Further, transmit diversity is likely to be preferred rather than closed-loop precoding, so PMI feedback would not be useful either.  
The CQI in this radio condition is likely to be low or out of range.  The CQI table could in theory be modified to take into account the coverage extension implemented for PDSCH, by extending its range to lower values. However, the necessity of a fine granularity of link adaptation for such low data rates is not clear, especially if MTC communications can be assumed generally to take place during periods of low traffic. Moreover, the uplink load from CQI reports themselves would consume a non-negligible amount of resource on the uplink. Therefore it seems overall preferable to avoid CQI reports for MTC devices requiring coverage extension.  
Hence altogether it seems not unreasonable to assume that CSI is not required for these MTC devices.

2.2 ACK/NACK
The PUCCH carrying the ACK/NACK would need to be repeated sufficiently in order to reach the eNB reliably.  This would delay the data retransmissions, and during this time it may be more efficient to perform blind retransmission of the PDSCH to the MTC device.  Acknowledgement of the downlink message can be performed at a higher layer [3].  Thus the need for physical layer HARQ ACK/NACK is not established.

2.3 SR
The SR is used to request a resource so that the BSR can be sent.  BSR is a high priority MAC message and is always sent (if required) whenever PUSCH resource is available.  SR is therefore only required if the UE has more data to transmit but no PUSCH resource in which to send a BSR, and the UE is still uplink-synchronized, i.e. the timing advance timer (TAT) has not expired. This seems an unlikely scenario for MTC traffic. Moreover, if no SR resource is available for the UE, the TAT can be allowed to expire and the MTC UE can recommence with a RACH; the delay for this approach is expected to be tolerable within the agreed latency allowance of 5-10s. Therefore MTC devices requiring coverage extension can operate without SR.

Given the above analysis, we propose:

Proposal: PUCCH is not required for MTC devices requiring coverage extension, and therefore no changes are needed for the PUCCH. 

3 Conclusion

In this contribution we discuss coverage extension for PUCCH.  We propose the following:  
Proposal: PUCCH is not required for MTC devices requiring coverage extension, and therefore no changes are needed for the PUCCH. 
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