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1. Introduction
Rel-13 work item on MTC enhancements was approved in [1] in RAN#65. A relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage is targeted. In this contribution, we discuss the PUSCH coverage enhancement techniques.
2. Discussion

In Rel-12, the main technique for PUSCH coverage enhancement is repetition. However, hundreds of repetitions are needed to acheive the target SINR, which leads to the following shortcomings:

· Reduced spectral efficiency. Since a significant amount of radio resource is used for transmission of a single TB, the spectral efficiency is extremely low.

· Insufficient multiplexing capacity. Assuming UL MU-MIMO is not used, only one UE can transmit PUSCH in a PRB pairs per subframe. Hence, the multiplexing capacity of the PUSCH structure is low. Considering that the number of MTC terminals can be much larger than the regular human operated terminals, transmission schemes with higher multiplexing capacity for UL-SCH shall be considered for MTC applications.
· Power consumption. It is common understanding that higher number of active transmission subframes leads to higher power consumption for MTC terminals. Given that power consumption is one of the design criteria for the Rel-13 MTC WI, schemes which require less number of transmissions while still achieving the coverage enhancement target shall be investigated.

Hence, it is desirable to consider other transmission schemes for UL-SCH with the goal to improve the link performance (and hence reducing the number of transmission subframes) and to increase the multiplexing capacity. The PUCCH structure is one such candidate. Taking PUCCH format 2 as an example, one UL-SCH TB can first be channel encoded by the turbo coder and the coded bits can be transmitted over a number of subframes, where in each subframe PUCCH format 2 is used to transmit 20 coded bits.

Link level performances of PUSCH with time domian repetition and PUCCH format 2 based solutions are shown in Figure 1. The detailed simulation assumptions are listed in Table 1 in Appendix. For PUSCH with 
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times repetition, a moving average approach is taken for channel estimation, i.e. the channel estimate used for PUSCH demodulation in the current subframe is obtained by combining the channel estimate from the reference signal in the current subframe and the channel estimate from previous subframes with a first order low-pass filter. For PUCCH format 2 based solution, the received data symbols are stored for X subframes, and multi-subframe channel estimation for continuous X subframes is used by combining the channel estimiation results of the X subframes.

Simulation results show that there is at least 1dB gain by using PUCCH format 2 based solution compared with PUSCH in a transmission duration of 50 subframes, and the gain increases when the number of subframes used for channel estimation increases. For channel estimation with 10 subframes, there is about 2.5dB gain by using PUCCH format 2 based solution. For more than 10 subframes channel estimation, no more gain is achieved since the channel correlation becomes lower. In addition, PUCCH format 2 based UL-SCH transmission can provide a multiplexing capacity up to 12 UEs per PRB, assuming all 12 cyclic shifts are used. Therefore, we have the following proposal:
Proposal 1: PUCCH based transmission for UL-SCH shall be considered for Rel-13 low complexity UEs.
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Figure 1: BLER performance for PUSCH coverage enhancement
3. Conclusion
In this contribution, we discuss PUSCH coverage enhancement. Considering spectral efficiency, power consumption, and multiplexing capacity, it is proposed to consider PUCCH based transmission for UL-SCH within the Rel-13 MTC WI, i.e. 
Proposal 1: PUCCH based transmission for UL-SCH shall be considered for Rel-13 low complexity UEs.
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5. Appendix
Table 1: Link level simulation assumptions
	Parameter
	Value

	System bandwidth
	1.4MHz

	Frame structure
	FDD

	Carrier frequency
	2GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA

	UE speed
	3km/h

	TBS
	16 bits

	Number of UL RBs
	1

	Transmission mode
	TM1

	Performance target
	10% BLER

	Channel estimation
	Realistic multiple subframes channel estimation for PUSCH
Realistic 4/6/8/10 subframes channel estimation for PUCCH

	PUCCH total subframes/

PUSCH repetition subframes
	50
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