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1 Introduction

In this document we present link simulation results for EPDCCH, to be used as the physical layer control channel M-PDCCH for Rel-13 low complexity and/or coverage enhanced UEs for MTC [1].

2 Simulation assumptions
The simulation assumptions for this paper are according to agreement in [2], with specific parameters used in this outlined in Table 1. We use distributed PRB configuration and FDD duplexing. For the 6-PRB control channel resource, the EREG/ECCE/EPDCCH construction is described in [3].

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)
	37 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 

	Channel speed
	1 Hz

	Carrier frequency
	2 GHz (FDD)

	Frequency tracking error
	0/50/100 Hz

	Symbol timing accuracy
	Ideal

	Inter-subframe frequency hopping
	2, 4, 8 ms

	Number of CRS ports
	2 

	Reference symbols
	DMRS

	Channel estimation
	Single subframe channel estimation

	CSI-RS
	Without CSI-RS


3 Simulation results
We have performed link simulations for M-PDCCH based on legacy EPDCCH with simulation assumptions according to Table 1. The simulation results are done based on single subframe, single PRB channel estimation.
Figure 1 shows the simulation results for M-PDCCH BLER with ETU 1Hz channel with 1 receive antenna, and with 6 PRB allocated to EPDCCH and frequency offset error of 50Hz. As we can see from the figure we can get about 12-13 dB gain with EPDCCH bundle size of 50 and soft value combining at 1% BLER target compared to no repetition. Without any frequency offset error this gain can be raised up to 15dB [4]. Since we do not use frequency offset correction method in these simulations, we take error to be 50 Hz as the average value between highest and lowest error ranges. 
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Figure 3: M-PDCCH-BLER for different bundling size and 6PRB bandwidth
Figure 2 depicts simulation results for the same channel with 100Hz maximum residual frequency error in case of Frequency hopping. The bandwidth of the system is 10MHz and the hopping is done across the edges of the bandwidth, with different hopping periods as a multiple of subframes i.e. 1ms. As we can see in the figure compared to no frequency hopping, we can obtain about 2-3 dB gain with different hopping periods. We have done the simulation for hopping periods of 2, 4 and 8 subframes (ms) and the results show that in this case, i.e. ETU Low 1Hz with 100Hz frequency error, the period of 4 subframes has better gain compared to 2 and 8 ms, which are the lower and upper values and suggests that in this case the optimum period value should be around 4, which can be discussed in the future. 
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Figure 2: M-PDCCH-BLER in case of different Hopping periods and Bundling Size (BS)

In Figure 3 we compare the results for the same channel in case of different residual frequency errors, for frequency hopping of size 4 PRBs. We can see that the gain loss between no frequency error and assumed maximum of 100Hz error is about 1dB, for both for 50 and 10 numbers of bundling sizes. Based on the results in [4], for the same channel settings, in case of no frequency hopping this loss could increase up to 3dB. 
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Figure 3: M-PDCCH-BLER in case of different Residual Frequency Error and Bundling Size (BS)
4 Conclusions

In this contribution, simulation results are shown for M-PDCCH performance according to the common simulation assumptions [2]. We have the following observations from the simulation results.
Observations:

· With M-PDCCH bundle size 50 and soft combining at the receiver we can achieve 12-13 dB performance gain compared to no repetition in case of 50Hz frequency offset error at 1% BLER target. 

· With 100Hz maximum frequency offset error we can lose about 1dB gain compared to 0Hz error with the same bundling size, in the case of frequency hopping of period 4ms.

· Using frequency hopping across system bandwidth could achieve about 2-3dB gain.
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