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1 Introduction

It has been agreed that the control signal M-PDCCH for Rel-13 low complexity UEs and UEs operating coverage enhancement [1] will be based on EPDCCH. It may be used both for scheduling UL and DL traffic, including common control messages such as RAR and Paging, as well as carrying L1/L2 control messages. In this contribution we show the performance of M-PDCCH with different DCI sizes and repetitions, with and without frequency hopping. 
2 Simulation assumptions

The simulation assumptions are according to agreement in [2], with specific parameters used as outlined in Table 1. For the 6-PRB control channel resource, the EREG/ECCE/EPDCCH construction is described in [3]. Three different DCI sizes are studied: 1, 11, and 56 bits, + 16 bit CRC. They have been chosen to represent three different typical cases: 

· A large DCI format (56 bits + 16 bits CRC) representative e.g. of a large L1/L2 control message, such as RAR or paging,
· An intermediate DCI size (11 bits + 16 bits CRC) representative e.g. of a PDSCH scheduling message, and

· A small DCI size (1 bit + 16 bits CRC) representative of a simple L1/L2 control message.
The smallest DCI size can also be representative of a small control message using a shorter CRC, e.g. 9 + 8 bits.

Table 1: Link simulation parameters in enhanced coverage for EPDCCH
	Parameter
	Value

	MTC bandwidth
	1.4 MHz

	System bandwidth
	10 MHz

	Control start symbol
	2

	ePDCCH type
	Distributed - Localized

	DCI payload size (including CRC)
	17 / 27 / 72 bits

	MTC Control channel resource
	6 PRBs, as described in [3]

	Number of transmit antennas
	2 

	Number of receive antennas
	1

	BLER operating point
	1%

	Antenna correlation
	Low

	Channel model
	ETU - EPA

	Channel speed
	1 Hz

	Carrier frequency
	2 GHz (FDD)

	Frequency tracking error
	0 Hz

	Symbol timing accuracy
	Ideal

	Inter-PRB channel estimation
	-

	Cross-subframe channel estimation
	IIR filtering with time constant ~3 subframes

	Channel estimation
	Cross-subframe

	CSI-RS
	Without CSI-RS


3 Performance Comparison 
The performance without frequency hopping is shown in Figure 1 for EPA and Figure 2 for ETU. The performance with frequency hopping is shown in Figure 3 for EPA and Figure 4 for ETU.
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Figure 1: MPDCCH BLER for different DCI sizes and different number of repetitions for EPA channel without frequency hopping
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Figure 2: MPDCCH BLER for different DCI sizes and different number of repetitions for ETU channel without frequency hopping 
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Figure 3: MPDCCH BLER for different DCI sizes and different number of repetitions for EPA channel with frequency hopping
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Figure 4: MPDCCH BLER for different DCI sizes and different number of repetitions for ETU channel with frequency hopping
Observations:

· Frequency hopping is beneficial for improving performance, in particular for EPA, which has been shown also in previous contributions.

· There is a considerably bigger performance gap between 11 and 56 bits (2-4 dB), compared to the gap between 1 and 11 bits (0.5-1 dB). This shows that there is not a huge performance gain associated with reducing the CRC length from 16 to 8 bits. 
4 Conclusions
The performance for varying DCI sizes for M-PDCCH has been shown. Frequency hopping has once again proven to be beneficial. The performance difference between very small and intermediate DCI sizes is moderate. This shows that the benefit of reducing the CRC length from 16 to 8 bits is marginal, and will not compensate for the increased risk for false alarm associated with such change. 
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