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Abstract

The ePDCCH and narrowband control channel PDCCH are both shown to require 6PRBs to be reserved for robust network performance, but the narrowband control channel PDCCH has significantly better SNR performance than the ePDCCH.
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 symbol shifted narrowband version of the PDCCH (termed NC-PDCCH) [2].

One of the items considered in those two documents is the resource granularity / packability of the NC-PDCCH in comparison to the ePDCCH. The potential issue that arises is that when the NC-PDCCH is used to allocate an MTC UE, the minimum resource that the eNodeB needs to reserve for MTC usage is 6PRB-pairs (since the NC-PDCCH spans 72 subcarriers).

This document shows that in practice the ePDCCH also needs to be allocated with 6PRBs. This is required to achieve the maximum possible frequency diversity for the ePDCCH in order to minimize performance degradation of the ePDCCH. Hence the resource granularity / packability of the ePDCCH is the same as that of the NC-PDCCH.
2. Comparative Performance of ePDCCH and NC-PDCCH
2.1 Effect of PRB separation on ePDCCH Performance
The distributed ePDCCH was simulated with two different PRB resource assignments: one resource assignment providing the maximum frequency diversity (Figure 1) and one using the minimum amount of contiguous resource (Figure 2). The total set of simulation assumptions applied is shown in Table 1.
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Figure 1 - ePDCCH PRB resource assignment = {0,5}: maximum frequency diversity for ePDCCH


[image: image2]
Figure 2 - ePDCCH PRB resource assignment = {0,1}: minimum reservation of contiguous resource
Table 1 – Simulation parameters for comparing ePDCCH performance as a function of EPDCCH resource assignment
	Parameter
	Value

	MTC bandwidth
	1.4MHz

	DCI format
	0

	ePDCCH start symbol (num 0..13)
	3

	Number of EPDCCH PRBs
	2

	ePDCCH resource assignment (PRBs)
	{0,1} or {0,5}

	ePDCCH format
	1

	Number of transmit antennas
	2

	Number of receive antennas
	1

	Channel model
	ETU: 1kmph

	Channel estimation
	Ideal

	Receiver type
	ML


Figure 1 shows the effect of the choice of PRBs within the EPDCCH set on EPDCCH performance. The figure shows that the further the constituent PRBs of the EPDCCH are separated, the better the performance of EPDCCH. In the MTC bandwidth of 1.4MHz and for an ETU channel, at the DCI BLER operating point of 1%, maximal separation of PRBs within the EPDCCH set leads to an SNR gain of 0.7dB. 
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Figure 3 – EPDCCH performance as a function of PRB separation in EPDCCH set
Hence the following is observed:

Observation 1: A network should be configured with the constituent PRBs of the ePDCCH maximally separated in order to optimize link level performance.

2.2 Packability of EPDCCH and Narrowband PDCCH

In section 2.1, it was observed that a network should configure the distributed ePDCCH to use PRBs at the band edges of the 1.4MHz MTC narrowband carrier. To avoid creating gaps in the PDSCH resource space, a scheduler is likely to schedule the whole of the resource space between the ePDCCH PRBs to narrowband UEs. 
The resources that would be allocated in both the ePDCCH case and the narrowband PDCCH are shown in Figure 4. The figure shows that the same amount of physical subcarrier resource (72 subcarriers) needs to be reserved for both the ePDCCH case and the NC-PDCCH case.
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Figure 4 – Packing of MTC control channel and PDSCH for ePDCCH and NC-PDCCH cases
The following observations are made:

Observation 2: A network is likely to allocate a full 6PRBs to MTC operation, if an ePDCCH is used.
Observation 3: The ePDCCH and the NC-PDCCH both require a network to reserve the same amount of contiguous PRB resource for MTC operation: 6PRBs.
2.3 Comparative Performance of ePDCCH and NC-PDCCH

Figure 3 shows the comparative performance of the NC-PDCCH and ePDCCH, using the simulation assumptions of Table 1 (the NC-PDCCH occupies 3 OFDM symbols in this simulation). At the DCI BLER operating point of 1%:

· the performance of the NC-PDCCH is approximately 4.0dB better than that of the most packable ePDCCH (where the ePDCCH occupies PRBs {0,1} : Figure 2)

· the performance of the NC-PDCCH is approximately 3.2dB better than that of the most frequency diverse ePDCCH (where the ePDCCH occupies PRBs {0,5} : Figure 1)

This leads to the following conclusion:

Conclusion: The narrowband control channel proposal and the ePDCCH proposal both require 6PRBs to be reserved for MTC UEs, but the performance of the narrowband PDCCH can be up to 3dB better than that of the ePDCCH.
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Figure 5 – Comparative performance of NC-PDCCH and Distributed ePDCCH
3. Conclusion
This document has considered the resource granularity and packability of the ePDCCH and the NC-PDCCH through simulation. It has been shown that a network realistically needs to reserve 6PRBs of contiguous resource in order to schedule MTCs in the narrowband control region, for both the ePDCCH and the NC-PDCCH cases. For the case of ePDCCH, this amount of resource needs to be reserved to provide frequency diversity for the ePDCCH. 
The following conclusion is drawn:

The narrowband control channel proposal and the ePDCCH proposal both require 6PRBs to be reserved for MTC UEs, but the performance of the narrowband PDCCH can be up to 3dB better than that of the ePDCCH.
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