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Abstract

This document provides simulation results comparing the performance of the NC-PDCCH and the ePDCCH in the areas of DCI formats, NC-PDCCH / ePDCCH formats and receive diversity. The performance of the NC-PDCCH is consistently better than the performance of the ePDCCH by at least 2dB.
1. Introduction
There are two proposals for the “Physical downlink control channel for MTC”: a proposal based on the ePDCCH (our understanding of this proposal is documented in [1]) and a proposal based on a narrowband version of the PDCCH (termed NC-PDCCH) [2].

This document provides simulation results for the NC-PDCCH and the ePDCCH in an ETU channel, considering the aspects of performance of DCI formats, performance with different NC-PDCCH / ePDCCH formats (aggregation levels) and receiver diversity performance.
The NC-PDCCH has more frequency diversity than the ePDCCH. The NC-PDCCH uses the CRS that already exist in the subframe, whereas the ePDCCH duplicates the function of the reference symbols by relying on DMRS, hence there is less physical resource in the ePDCCH available for transmission of coded DCI bits. At least for these two reasons, the performance of ePDCCH is expected to be inferior to that of the NC-PDCCH. This document provides simulation results of the NC-PDCCH and the ePDCCH, showing that the SNR performance of the NC-PDCCH is at least 2dB better than that of the ePDCCH.

There are other benefits of the NC-PDCCH relative to the ePDCCH, such as reduced active rx time for the NC-PDCCH [4], superior PDSCH performance when the PDSCH shares the same subframe as the “Physical downlink control channel for MTC” and the inherent support of other control channels, such as the PHICH [5]. 

2. DCI Performance
The performance of the “Physical downlink control channel for MTC” transporting different DCI formats was simulated using the simulation assumptions of Table 1.

Table 1 – Simulation parameters for DCI performance
	Parameter
	NC-PDCCH
	ePDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz

	Control start symbol (num 0..13)
	3
	3

	ePDCCH type
	-
	distributed

	Formats
	PDCCH format 2
	ePDCCH format 2

	MTC Control channel resource
	OFDM symbols 3,4,5

PRBs 0 -> 5
	OFDM symbols 3 -> 13

PRBs {0,5}

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

	Number of transmit antennas
	2
	2

	Number of receive antennas
	1 / 2
	1 / 2

	Antenna correlation
	low
	low

	Channel model
	ETU 1kmph
	ETU 1kmph

	Channel estimation
	ideal
	ideal

	Receiver type
	ML
	ML


The DCI formats simulated are listed in Table 2. The DCI formats were chosen from the perspective of simulating a range of payload sizes, rather than from the perspective that one DCI format was more suitable for MTC than any other DCI format. Several DCI formats have the same payload size, hence from a BLER performance perspective, some DCI formats are equivalent (as indicated in the table). The simulation results are shown in Figure 1.

 Table 2 – Simulated DCI formats
	Format
	Equivalent format
	Payload size (bits)

	1C
	-
	8

	1
	-
	19

	0
	1A, 3, 3A
	21

	1B
	1D
	22

	2B
	-
	28

	2
	-
	31
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Figure 1 – Simulated performance of DCI for NC-PDCCH / ePDCCH format 2

For all the DCI formats simulated using this NC-PDCCH / ePDCCH format, the performance of the NC-PDCCH is consistently superior to the performance of ePDCCH by about 2.5dB, at a BLER operating point of 1%. From Figure 3, it is expected that this observation also holds for other NC-PDCCH / ePDCCH formats. 
3. Performance of NC-PDCCH / ePDCCH Formats

Different formats can be applied to the NC-PDCCH and ePDCCH to suit different SNR conditions. At extreme SNR conditions, the NC-PDCCH and ePDCCH can switch to a “coverage enhanced mode” where all of the physical resource in the MTC narrow bandwidth region can be applied to the “Physical downlink control channel for MTC”.

This section compares the performance of the NC-PDCCH and the ePDCCH using different formats and when coverage extension mode is applied. The simulation assumptions of Table 3 are used. 

Table 3 – Simulation parameters used when comparing performance of NC-PDCCH / ePDCCH formats
	Parameter
	NC-PDCCH
	ePDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz

	Control start symbol (num 0..13)
	3
	3

	ePDCCH type
	-
	distributed

	Formats
	0, 1, 2, 3

16 CCE format

Coverage extension mode
	0, 1, 2, 3, 4

Coverage extension mode

	MTC Control channel resource
	Varies with format
	Varies with format

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

	Number of transmit antennas
	2
	2

	Number of receive antennas
	1 / 2
	1 / 2

	Antenna correlation
	low
	low

	Channel model
	ETU 1kmph
	ETU 1kmph

	Channel estimation
	ideal
	ideal

	Receiver type
	ML
	ML


Figure 2 shows the frame structures applied for the different formats (these are consistent with the understood designs of NC-PDCCH and ePDCCH [1], [2]). A 16CCE PDCCH format could be easily implemented in the specifications, to create a “PDCCH format 4”. As evident from Figure 2, this might not be necessary since a 16CCE NC-PDCCH format would use a similar amount of resource to an NC-PDCCH in coverage extension mode. Note that the benefit of reduction of rx time for the NC-PDCCH, as evident in Figure 2 is discussed separately in [5].
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Figure 2 - Frame structures applied for different NC-PDCCH / ePDCCH formats

Figure 3 shows the simulated performance of the NC-PDCCH and ePDCCH for the different formats detailed in Table 3. The NC-PDCCH performance is consistently better than the ePDCCH performance. This is partly due to the reduced frequency diversity for the ePDCCH and the resource wasted on duplicating reference symbols in the ePDCCH (including DMRS in the ePDCCH PRBs when CRS are already available). The performance of the NC-PDCCH is differentially better than the performance of the ePDCCH at lower NC-PDCCH / ePDCCH formats (lower numbers of CCEs), but is always at least 2dB superior to that of the ePDCCH.
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Figure 3 - Simulated performance of different NC-PDCCH / ePDCCH formats
4. Receiver Diversity Performance

The “Physical downlink control channel for MTC” was simulated using different numbers of receive antennas with the simulation assumptions detailed in Table 4.

Table 4 – Simulation parameters for diversity performance comparison
	Parameter
	NC-PDCCH
	ePDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz

	Control start symbol (num 0..13)
	3
	3

	DCI format
	0
	0

	ePDCCH type
	-
	distributed

	Formats
	PDCCH format 0, 1, 2
	ePDCCH format 0, 1, 2

	MTC Control channel resource
	OFDM symbols 3,4,5

PRBs 0 -> 5
	OFDM symbols 3 -> 13

PRBs {0,5}

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

	Number of transmit antennas
	2
	2

	Number of receive antennas
	1 / 2
	1 / 2

	Antenna correlation
	low
	low

	Channel model
	ETU 1kmph
	ETU 1kmph

	Channel estimation
	ideal
	ideal

	Receiver type
	ML
	ML


Figure 4 shows the MTC control channel resource that was simulated. The MTC control channel resource used for ePDCCH was chosen to maximize performance of the ePDCCH (by providing the greatest amount of available frequency diversity) [3].
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Figure 4 - Frame formats simulated for ePDCCH and NC-PDCCH

Figure 5 shows the simulated performance of NC-PDCCH and ePDCCH for the case where the UE has a single receiver antenna. At a BLER target of 1%, the performance of the NC-PDCCH is at least 2.5dB better than the performance of the ePDCCH for the aggregation levels simulated.

Figure 6 is the equivalent set of results to those in Figure 5, but for the case with the UE implements 2x receiver diversity. In this case, the performance of NC-PDCCH is always at least 2dB better than the performance of ePDCCH for the aggregation levels simulated.
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Figure 5 – NC-PDCCH and ePDCCH Performance in ETU: 2TX, 1RX
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Figure 6 – NC-PDCCH and ePDCCH Performance in ETU: 2TX, 2RX

5. Conclusion
With a view to quantifying the performance difference between the NC-PDCCH and the ePDCCH, when used as the “Physical downlink control channel for MTC”, this document has provided simulation results for the NC-PDCCH and the ePDCCH. The simulation results have covered the aspects of performance with different DCI, performance with different NC-PDCCH / ePDCCH formats and receive diversity performance. In all cases, the NC-PDCCH is superior to the ePDCCH performance by at least 2dB.

The performance of the NC-PDCCH is superior to that of the ePDCCH. Hence the “Physical downlink control channel for MTC” should be based on the NC-PDCCH.
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