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Abstract

This document summarises the performance improvements that are observed when the Physical Downlink Control Channel for MTC is based the NC-PDCCH: a narrowband version symbol shifted version of the PDCCH. Performance benefits are observed in the areas of control channel performance, PDSCH performance, coverage performance and active RX time of the UE.
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]. These proposals are summarized in the following diagram illustrating the subframe structure of the two proposals:
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In RAN1#79, San Francisco, Sony presented [1], comparing the expected performance of ePDCCH and NC-PDCCH. For RAN1#80, Sony have produced simulation results for various aspects of MTC performance considering the cases of:
· The “Physical downlink control channel for MTC” is based on the ePDCCH
· The “Physical downlink control channel for MTC” is based on the NC-PDCCH
This document summarises the findings of these simulations.
2. Summary of Simulation Results
Table 1 summarises the findings of the simulations that Sony have performed, comparing the performance of the ePDCCH and the NC-PDCCH.
Table 1 – Summary of Findings of Simulations of NC-PDCCH and ePDCCH

	Aspect
	Observation
	Reference

	Control channel performance
	NC-PDCCH performance is 2-3dB better than ePDCCH in ETU channel due to:

· greater frequency diversity

· less resource wasted on replicating reference signals
	R1-150635 [3]

	PDSCH performance
	PDSCH performance is 0.7-1.0dB better in an ETU channel when the subframe contains NC-PDCCH due to:

· more physical resource available for PDSCH in NC-PDCCH case

· greater frequency diversity in NC-PDCCH case
	R1-150637 [4]

	Enhanced coverage mode
	In enhanced coverage mode, the coverage of NC-PDCCH approximately 0.8dB better than that of the ePDCCH due to:
· less resource wasted on replicating reference signals

· more robust transmit diversity scheme
	R1-150636 [5]

	Active Rx Time
	On average the active receive time of the NC-PDCCH is four times less than that of the ePDCCH due to:
· NC-PDCCH is time multiplexed rather than frequency multiplexed
	R1-150426 [6]

	Resource granularity
	Both the NC-PDCCH and the ePDCCH realistically need 6PRBs to be reserved for the MTC narrowband region. The ePDCCH requires 6PRBs to be reserved to avoid additional performance degradation through lack of frequency diversity.
	R1-150431 [7]


3. Conclusion
This document has summarized the simulations that Sony have performed on the ePDCCH and the NC-PDCCH for MTC. The NC-PDCCH performs significantly better than the ePDCCH in the four main aspects simulated:
· NC-PDCCH performance is 2-3dB better than ePDCCH performance in an ETU channel.

· PDSCH performance in an ETU channel is 0.7db – 1dB better when the subframe contains an NC-PDCCH, compared to when it contains an ePDCCH.

· In enhanced coverage mode, the NC-PDCCH performs approximately 0.8dB better than the ePDCCH in an ETU channel.

· On average the NC-PDCCH receiver is active for 4 times less time than the ePDCCH receiver.

In addition the NC-PDCCH naturally accommodates other channels, including a PHICH function and a PCFICH function.

Based on these findings, the following proposal is made:

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