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Abstract

The document provides simulation results comparing the number of active OFDM symbols that are necessary to successfully decode the NC-PDCCH as a function of SNR in an ETU channel. The NC-PDCCH receiver may be switched off for longer periods than the ePDCCH receiver, saving battery resources.
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

The goal of reducing the active transmission / reception time is at least partly motivated by a desire to conserve battery resources: when the MTC device is not actively receiving the “Physical downlink control channel for MTC” OFDM symbols, it can turn parts of its RF or baseband receivers off.
This document compares the active reception time requirements for two proposals for the Physical downlink control channel for MTC: an ePDCCH-based downlink control channel [2] and a narrowband control channel based on the PDCCH (NC-PDCCH) [3]. 
2. Active Reception Time for NC-PDCCH and ePDCCH
The number of OFDM symbols occupied by the ePDCCH is constant, regardless of SNR conditions: it occupies all of the OFDM symbols in the subframe from the “ePDCCH start symbol” to the last OFDM symbol in the subframe. 
The times during which the ePDCCH receiver has to be on and can be turned off, as a function of SNR conditions, are illustrated in Figure 1. Whatever the SNR conditions, the ePDCCH receiver has to be “on” for all of the OFDM symbols of the subframe, apart from those in the legacy control channel region.
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Figure 1 – Times during which ePDCCH receiver has to be “on” as SNR varies
The number of OFDM symbols occupied by the narrowband control channel region, and hence the NC-PDCCH, is under the control of the scheduler and can be dynamically signaled to the UE using CFI bits in the NC-PCFICH [3]. This operation is analogous to the operation of the PCFICH and PDCCH from Release-8 onwards.
The times during which the NC-PDCCH receiver has to be on and can be turned off, as a function of SNR conditions, is illustrated in Figure 2. As the SNR conditions deteriorate, the NC-PDCCH receiver has to be “on” for more of the OFDM symbols of the subframe, but in good SNR conditions, the NC-PDCCH receiver can be turned off, thus saving UE battery resources. 
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Figure 2 - Times during which NC-PDCCH receiver has to be “on” as SNR varies
The next section provides simulation results for the NC-PDCCH in order to determine the relationship between SNR and the number of OFDM symbols required for the NC-PDCCH. These results show that the NC-PDCCH can be turned off for a significant number of OFDM symbols, saving battery resources. 
3. Simulation Results

The NC-PDCCH was simulated with the simulations assumptions detailed in Table 1. For each CCE value, the minimum number of OFDM symbols that could support that CCE was simulated. The specification impacts of allowing the NC-PDCCH to support CCEs greater than 8 and occupy more than 4 OFDM symbols are considered to be minor.   
Table 1 – Simulation parameters for NC-PDCCH
	Parameter
	NC-PDCCH

	MTC bandwidth
	1.4MHz

	DCI format
	0

	Start symbol (num 0..13)
	3

	BLER target for NC-PDCCH
	1%

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

	Other channels in narrowband region
	NC-PCFICH, NC-PHICH

	Number of TX / RX antennas
	2TX, 1RX

	Antenna correlation
	Low

	Channel model
	ETU 1kmph

	Channel estimation
	Ideal

	Receiver type
	ML

	Number of symbols for CCE values
	#CCEs

#OFDM symbols

2

2

4
3
8
6
16
10



Figure 3 shows the how the active time for the NC-PDCCH varies as a function of the SNR. For NC-PDCCH, at higher SNRs, fewer CCEs are required to transmit the DCI message (see the mapping between number of CCEs and minimum number of OFDM symbols in Table 1), and these lower numbers of CCEs can be accommodated in fewer OFDM symbols. In contrast, the ePDCCH always occupies all the OFDM symbols in the subframe, other than those OFDM symbols in the legacy control channel region (Figure 1). 
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Figure 3 – Active time of NC-PDCCH and ePDCCH receivers as a function of SNR
During the active time shown in Figure 2 and Figure 3, 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).

The average active time for the ePDCCH and NC-PDCCH can be estimated from a combination of the results of Figure 3 and a DL SINR CDF. Figure 4 shows the DL SINR CDF calculated for the Urban Macro model [6]. Combining the results from this CDF and the active times for the NC-PDCCH and ePDCCH (from Figure 3), the average active times for NC-PDCCH and ePDCCH are as given in Table 2. The average ePDCCH active time is four times greater than that of the NC-PDCCH: use of the NC-PDCCH allows for significant power saving when decoding the “Physical downlink control channel for MTC”.
Table 2 – Average active times per subframe for Physical downlink control channel for MTC

	Channel
	Active time

	NC-PDCCH
	3 symbols = 0.2ms

	ePDCCH
	11 symbols = 0.8ms
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Figure 4 - DL SINR CDF for Urban Macro model
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 in terms of the active receive time of the control channel receiver. The NC-PDCCH allows the “Physical downlink control channel for MTC” receiver to be switched off for significant portions of the subframe, saving battery resources. The average active receive time in the subframe for the NC-PDCCH is 0.2ms: this is four times less than the average active receive time in the subframe for the ePDCCH (0.8ms). 

From the perspective of active receive time and power consumption, the following proposal is hence made:

Proposal: the Physical downlink control channel for MTC is based on the NC-PDCCH.
5. Appendix: Link Level Simulation Results

Figure 5 provides the link level BLER vs SNR simulation results for the simulation assumptions detailed in Table 1. The “coverage mode” results were obtained from [4], showing the performance of NC-PDCCH after it has switched into its “enhanced coverage mode”. Note that BLER vs SINR performance results for ePDCCH, as well as NC-PDCCH, are provided in [5]: these results show that the performance of the NC-PDCCH is at least 2dB better than that of the ePDCCH.
The BLER vs SNR results of Figure 5 were used to construct Figure 3. 
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Figure 5 - Link level simulation results for NC-PDCCH performance as a function of the number of OFDM symbols used and the number of CCEs applied
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