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1. Introduction
In this document we present initial link simulation results for EPDCCH 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]. 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 Physical downlink control channel for MTC

	Parameter
	ePDCCH

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Control start symbol
	2,3

	ePDCCH type
	Distributed, [localized]

	DCI payload size (including CRC)
	FDD: 37 bits

TDD: 39 bits

[optional: FDD,TDD: 27 bits]

	MTC Control channel resource
	{4,6 PRBs}

Notes: 

(1) 4 PRB case => PRB pairs 0->3

(2) 6PRB: companies to define their EREG/ECCE/EPDCCH construction

	Number of transmit antennas
	2 (FDD) / 8 (TDD)

	Number of receive antennas
	1/2

	BLER operating point
	1%

	Antenna correlation
	low

	Channel model
	ETU / EPA

	Channel speed
	1Hz

	Carrier frequency
	2GHz (FDD)

2.6GHz (TDD)

	Frequency tracking error
	100Hz

	Symbol timing accuracy
	discuss whether “perfect” or “value = xyz ppm”

	Inter-subframe frequency hopping
	As per proposal

	Inter-subframe channel estimation
	As per proposal

	Number of CRS ports
	2 (FDD and TDD)

	Reference symbols
	At least DMRS

	Channel estimation
	Non-ideal

	CSI-RS
	With CSI-RS

Without CSI-RS

	MBSFN subframes
	Non-MBSFN subframes

MBSFN subframes


3. EPDCCH link performance
We have performed link simulations for EPDCCH with simulation assumptions according to Table 1.
Figure 1 shows the simulation results for EPDCCH BLER with EPA 1Hz channel with 1 receive antenna, and with 4 PRB bandwidth of the channel and frequency offset error of 50Hz. As we can see from the figure we can get about 13dB gain with EPDCCH bundle size of 50 and soft combining at the receiver at 1% BLER target. In Figure 2 we use the same simulation setup except the frequency tracking error where we have simulated 0Hz and 100Hz. As a comparison we can observe that with no frequency tracking error we can achieve 15dB with size of 50 bundling at 1% BLER target. On the other hand with 100 Hz error we get a gain around 10dB – it is worth mention that in this simulation we did not do any frequency offset compensation method across subframes.
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Figure 1: EPDCCH-BLER for different bundling size 
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Figure 2: EPDCCH-BLER for different bundling size, in case of 0Hz and 100Hz frequency offset error
Figure 3 depict the results for ETU-Low-1Hz channel with 1 receive antenna, 6 PRB bandwidth of the channel and frequency offset error of 50Hz.Again we can see in this case we can achieve the same gain as previous results.

Figure 4 shows the results for EPA 1Hz channel with 1 receive antenna, 0Hz frequency tracking error for 6 PRB and 4 PRB cases. As we can see the difference performance of the two cases in 1% BLER target is negligible, however there is some frequency diversity gain in 6PRB compared to 4PRB, since we use distributed PRB configuration.

In figure 5, we compare BLER for 1 and 2 receive antennas. The channel is for ETU-Low-1Hz, bandwidth of EPDCCH is 6PRB and there is 50 frequency tracking error. We can observe that we can achieve about 5dB gain due to having 2 receive antennas. 
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Figure 3: EPDCCH-BLER for different bundling size and 6PRB bandwidth
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Figure 4: EPDCCH-BLER for 6PRB and 4 PRB bandwidth and different bundle size
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Figure 5: EPDCCH-BLER for 1 and 2 receive antennas in different bundling sizes
4. Conclusions

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

· With EPDCCH bundle size 50 and soft combining at the receiver we can achieve 15 dB in case of no frequency offset error at 1% BLER target. 
· With 100Hz maximum frequency offset error we can lose about 3dB gain compared to 0Hz with the same bundling size.
· With 6PRB bandwidth and distributed configuration we can get around 1 dB gain compared to 4PRB in higher bundling sizes.
· Using 2 receive antennas gives about 5dB gain compared to case of 1 receive antenna at UE.
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