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1 Introduction
According to the updated SID [1], coverage aspects of low-cost MTC UEs targeting a 20dB improvement compared to “normal” LTE UEs have been discussed since RAN1#71. As an outcome of the continued discussion, the following techniques are captured in [2] for coverage improvement.
· TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order
· Power boosting / PSD boosting
· Relaxed requirement
· Design new channels or signals
· Additional techniques
For the coverage improvement, the requirement of very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice) is introduced in the SID [1].
This contribution provides further analysis on coverage improvement techniques for PUCCH.

2 PUCCH Coverage Improvements
According to the agreed MCL table for category 1 UEs as captured below Table 1 [3], the amount of coverage improvement for low-cost MTC UEs varies for each individual channel in order to achieve 20dB gain over category 1 UEs. Considering that additional 20dB improvement is for the most challenging channel, the target improvement values for PUCCH are 13.5dB and 17.3 dB for FDD and TDD, respectively. Depending on PUCCH format, the target value may deviate, e.g. PUCCH format 2 would require more coverage improvement.
Table 1. Summary of MCL for category 1 UEs from Table 9.2.1-1 in [3] (unit: dB)

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: eNB is assumed with 8 Tx and 8 Rx in TDD systems.

Note 3: PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.


PUCCH carries UCI including Scheduling Request, HARQ-ACK and periodic CSI. Multiple PUCCH formats are used to transmit each UCI or combination of UCIs. In this document, we basically attempt to make less PUCCH transmission if other UCI provisioning means are available. 
Scheduling Request 

Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. If an SR is triggered and the UE has a valid PUCCH resource for SR, the UE transmits SR on PUCCH. Otherwise, the UE initiates a random access procedure. For low-cost MTC UE support, configuring PUCCH resource for SR would be wasteful taking into account very low rate traffic with relaxed latency (e.g. up to 1 hour in uplink) for MTC. Even if a low-cost MTC UE is not configured with PUCCH resource for SR, it can request UL-SCH resources via random access procedure as per current specification. Furthermore, given that coverage improvement for PUCCH is required, less usage of PUCCH by not supporting SR on PUCCH would be one way to avoid the coverage issue.

HARQ-ACK

For each received TB, the UE generates a HARQ-ACK. In practice, PDSCH transmission with two TBs is not necessary considering very low rate traffic for MTC application. 
Currently HARQ-ACK repetition functionality is specified to support up to 6-time repetitions. In order to achieve the target coverage improvement value, more repetition would be needed for low-cost MTC UEs. The specification impact from HARQ-ACK repetition would be mainly on HARQ-ACK timing. UE power consumption would be increased according to the repeated HARQ-ACK transmission. 
PUCCH power boosting may be another candidate to improve the coverage. However, higher power PUCCH transmission with narrow band in the frequency edge may cause RAN4 impact, e.g. out-of-band emission, etc. 
Site densification, e.g., relay, repeater, small cell, is also considered as one approach to improve coverage with minimal spec impact. On the other hand, it is expected that network installation cost would increase. The overall impact needs to be studied taking into account another Rel-12 study item, small cell enhancements [4, 5]. Some relevant deployment scenarios, e.g. dense small cell deployment, small cell deployment without macro coverage, etc., are already included in the target scenarios of small cell enhancements. 

Periodic CSI

The CSI informs the scheduler about the channel conditions as seen by the UE. If MIMO transmission is used, the CSI includes necessary MIMO-related feedback. However, as the underlying scenario is very coverage-limited and very low rate traffic with relaxed latency is assumed, MIMO transmission seems not practical for MTC support. In addition, from the previous study in [6], MIMO specific processing blocks cost about 5% - 15% of reference category 1 LTE UE modem. Therefore, RI and PMI may not be necessary for low-cost MTC UEs. Moreover, channel model with low mobility, e.g. 1 Hz Doppler spread, may motivate infrequent CQI reporting on PUCCH. Additionally, given that large MCS for PDSCH is not of interest for coverage limited MTC UEs with low rate traffic, the payload of wideband CQI can be reduced from 4 bits to 2 bits. This will enable some spectral efficiency gains for coverage limited UEs as a worst case scenario will not need to be always assumed. 
3 Conclusion
Based on above discussion, the low-cost MTC UE would avoid PUCCH transmission for SR. The UE could initiate random access instead of transmission of PUCCH for SR. Therefore, the occasion of PUCCH transmission could be maintained as minimum level. In addition, RI and PMI may not be necessary. For CQI reporting, the payload size of wideband CQI can be reduced from 4 bits to 2 bits. As for HARQ-ACK transmission on PUCCH, the coverage improvement could be achieved by extending the number of repetitions. 
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