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Abstract

The document provides simulation results comparing the performance of the ePDCCH and narrowband control channel PDCCH (NC-PDCCH) when used for coverage enhancement. The NC-PDCCH performance is superior to that of the ePDCCH by approximately 0.8dB in an ETU channel.
1. Introduction
In RAN1#79, San Francisco, the following agreements [1] were reached relating to the Physical downlink control channel for MTC:

· At least for unicast channel,
· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· Strive to reduce active transmission/reception time by considering the DCI size
· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space

· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both

· Working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

There are two proposals for the Physical downlink control channel for MTC: an ePDCCH-based downlink control channel and a narrowband control channel based on the PDCCH (NC-PDCCH). The operation of these two proposals is described in [2], [3]. This document compares the performance of the ePDCCH and NC-PDCCH in a coverage enhanced mode of operation.
2. Coverage Enhanced Mode for NC-PDCCH and ePDCCH
For the ePDCCH, as the SNR conditions of the UE worsen, progressively more PRB resource needs to be assigned to the ePDCCH, as shown in Figure 1. In a first step (centre of figure), more PRBs are added to the ePDCCH set (this can require an RRC reconfiguration). As SNR conditions deteriorate further, it has been proposed that the ePDCCH enters a coverage enhancement mode (as shown in the right side of the figure). 

In order to operate in a coverage enhanced mode, the ePDCCH for MTC needs to be modified from the Release-11 ePDCCH [2]. The fairly straightforward modification is to allow the distributed ePDCCH to occupy 6PRBs (instead of the Release-11 allowable PRB occupancies of 2 or 4 PRBs) and to use all of the REs available for ePDCCH (regardless of ePDCCH format). 
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Figure 1 - Progression in ePDCCH resource assignment as SNR deteriorates
A similar and analogous process occurs in the case of the NC-PDCCH: as the SNR conditions at the UE worsen, more OFDM symbols can be assigned to the NC-PDCCH, as shown in Figure 2. In a first step (centre of figure), more OFDM symbols are added to the NC-PDCCH. As SNR conditions deteriorate further, it has been proposed that the NC-PDCCH enters a coverage enhancement mode (as shown in the right side of the figure).
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Figure 2 - Progression in NC-PDCCH resource assignment as SNR deteriorates
The significant differences between the ePDCCH and the NC-PDCCH in enhanced coverage mode from a frame structure perspective are listed in Table 1:
Table 1 – Frame structure differences between ePDCCH and NC-PDCCH in enhanced coverage mode
	aspect
	ePDCCH
	NC-PDCCH

	Reference signals
	DMRS inserted in subframe
	Uses CRS which already exist in the subframe (for support of legacy UEs)

	Transmit diversity
	Random beamforming
	Alamouti-based

	Resource mapping
	ePDCCH style (TS36.211 sec 6.8A.5)
	PDCCH style (TS36.211 sec 6.8.5)

	Other channels
	None supported
	NC-PCHICH and NC-PCFICH also supported


The enhanced coverage NC-PDCCH has the advantages of more available physical resource (as REs aren’t wasted through the use of DMRS, duplicating the functionality of the CRS) and the more robust Alamouti-based transmit diversity scheme. In addition, the NC-PDCCH naturally includes support for PHICH functionality through an NC-PHICH (simulation results for the NC-PHICH are out of the scope of this document). The following section provides simulation results showing the benefit of basing the Physical downlink control channel for MTC on the NC-PDCCH. 
3. Simulation Results

The enhanced coverage NC-PDCCH and ePDCCH were simulated with the simulation assumptions in Table 1. The simulation results are shown in Figure 3. At the BLER performance target of 1%, the NC-PDCCH performance is approximately 0.8dB better than that of the ePDCCH.
Table 2 – Simulation parameters
	Parameter
	NC-PDCCH
	EPDCCH

	MTC bandwidth
	1.4MHz

	DCI format
	0

	Start symbol (num 0..13)
	3

	Legacy control channel region (symbols)
	0,1,2

	Other channels in narrowband region
	NC-PHICH, NC-PCFICH
	none

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Antenna correlation
	Low

	Channel model
	ETU: 1kmph

	Channel estimation
	Ideal

	Receiver type
	ML
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Figure 4 – Performance of NC-PDCCH and ePDCCH in enhanced coverage mode in ETU channel

If repetitions are performed across subframes (in addition to repetition encoding within the subframe, as performed in these results), the same observations are expected: the NC-PDCCH will outperform the ePDCCH due to the availability of more physical resource for NC-PDCCH (no resource wastage due to the need for DMRS) and due to the superior performance of the Alamouti-based transmit diversity scheme.

In addition to the NC-PDCCH’s superior link level performance, the narrowband control channel proposal also supports PHICH functionality. The performance of the NC-PHICH was not simulated in Figure 3, but the simulation accounted for the physical resources that are required to support NC-PHICH (and NC-PCFICH): see Table 2.
4. Conclusion
This document has compared the performance of the Physical downlink control channel for MTC based on both the NC-PDCCH and the ePDCCH. The NC-PDCCH link level performance is approximately 0.8dB better than that of ePDCCH in an ETU channel. This is due to the NC-PDCCH not requiring physical resources to be wasted on DMRS and the use of an Alamouti-based transmit diversity scheme. The NC-PDCCH proposal also inherently supports PHICH functionality via an NC-PHICH. The following proposal is hence made:

Proposal: the Physical downlink control channel for MTC in enhanced coverage mode is based on the NC-PDCCH.
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