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Abstract

The document compares the attributes and characteristics of the use of a narrowband control channel region for MTC and the use of ePDCCH for MTC. Both approaches have advantages and disadvantages. Proposes that RAN1 has a clear understanding of what ePDCCH for MTC and narrowband control channel region are before agreeing on the approach to be taken for the Physical Downlink Control Channel for MTC. 
1. Introduction
In two companion documents [1], [2] , Sony has described their understanding of how a “narrowband control channel region for MTC” and an “ePDCCH for MTC” would operate. Sony feel that these two concepts have not been clearly defined previously. This document compares the features of the “narrowband control channel region for MTC” and an “ePDCCH for MTC”, based on our understanding detailed in [1] and [2]. 

Before RAN1 decides between use of an “ePDCCH for MTC” [2] or a “narrowband control channel region for MTC” [1], RAN1 needs to define what is meant by “ePDCCH for MTC” and “narrowband control channel region for MTC”. This will allow companies to compare the merits of the two approaches in order to agree on a way forward. With a common understanding in RAN1 of the features of the Physical Downlink Control Channel for MTC, RAN1 can smoothly progress the specification of this aspect of MTC.
2. Comparison of Narrowband Control Channel Region and ePDCCH for MTC
Sony has documented their understanding of how a “narrowband control channel region for MTC” [1] and “ePDCCH for MTC” [2] operate in the context of the Release-13 LTE MTC work item. Through Table 1, this section provides a comparison of the two approaches based on a set of attributes and characteristics discussed in [1] and [2].
Table 1 – Comparison of “Narrowband Control Channel for MTC” and “ePDCCH for MTC”
	Attribute
	Narrowband control channel for MTC
	ePDCCH for MTC
	Comparison

	Subframe format
	Narrowband region contains symbol shifted versions of Rel-12 PDCCH, PHICH, PCFICH and PDSCH channels. 
	Narrowband region contains distributed ePDCCH, DMRS and PDSCH.
Narrowband region cannot be supported in centre region of legacy carrier in subframes 0,5
	Both subframe formats based on Release-12 specs. Some minor spec changes required for narrowband control channel region approach.

	Reference signals
	CRS for demodulation
DMRS can be used NC-PDSCH if desired
	DMRS for demodulation
CRS for legacy reasons
	Narrowband control channel uses fewer resources (8%) than E-PDCCH (up to 27%) for reference signals

	PDCCH message size
	Aggregation levels 1, 2 or 4 supported
NC-PDCCH occupies between 1 and 4 OFDM symbols

Min NC-PDCCH code rate between 0.13 and 0.52
	2, 4 or 6 PRB pairs used for ePDCCH
Equivalent PDCCH aggregation level = 4,8 or 16

Min ePDCCH code rate is s 0.096, 0.048 or 0.032
	ePDCCH can support lower code rates (by using more physical resource)

	PDSCH message size
	Max PDSCH size is 444 bits for {QPSK, R=1/3} MCS
	Max PDSCH size is 220 bits for {QPSK, R=1/3} MCS
	Narrowband control channel supports larger PDSCH message size since less resource is used for control channels

	Granularity
	In cases where there is little MTC traffic, some PDSCH resource cannot be assigned to legacy UEs
	Unassigned resource PDSCH resource can be assigned to legacy UEs, but size of distributed ePDCCH means there is often no unassigned resource
	No practical difference

	Fragmentation
	Use of central subcarriers fragments PDSCH resource, but narrowband region does not have to be centrally located
	ePDCCH might need to be non-centrally located due to sync/PBCH signals. Non-central location avoids resource fragmentation
	Non-issue. Narrowband region can be non-centrally located

	Transmit diversity
	SFBC transmit diversity using CRS
	Pseudo-random beamforming using DMRS and distributed ePDCCH
	TxDiv can be applied in both cases. Narrowband control channel SFBC gives up to 3dB superior performance at low SINR

	Frequency diversity
	Frequency diverse across 1.4MHz
Frequency hopping feasible
	Distributed transmission provides frequency diversity across 1.4MHz, but requires use of 2 PRB pairs
Frequency hopping feasible
	Both provide frequency diversity across 1.4MHz ePDCCH is less resource efficient
NC-PDCCH has more frequency diversity (6 PRB) than ePDCCH (2 PRBs)
Frequency hopping feasible

	Higher layer signaling
	Configuration defined in Rel.8-12 specs, does not need to be set up via higher layer signalling
MIB may indicate location / existence of narrowband region
	Configured via higher layer signaling in Rel.12 (requires Rel.12 PDCCH to receive higher layer signaling). Configuration information needs to be hard-coded in the specifications for MTC
	ePDCCH configuration info for MTC needs hard coding in the RAN1 specs to get around bootstrapping problem

	Relationship to other channels
	PHICH functionality automatically supported
	PHICH-like functionality needs to be defined
	PHICH functionality needs to be defined for ePDCCH 

	Search space
	Common and UE specific search spaces defined
	Common search space needs defining (a tractable problem)
	Common search space needs defining for ePDCCH

	Standalone operation
	Naturally supported
	Can be supported by defining a new carrier type
	Can be supported in both cases; ePDCCH needs definition of a new carrier type

	Coverage extension
	QPSK R=0.13 supported on NC-PDCCH. Lower MCS requires coverage extension mode 
	QPSK R=0.048 supported on ePDCCH, but then there is little room for PDSCH so coverage extension mode probably required
	Realistically both approaches require a coverage extension mode at a similar path loss

	Power consumption
	Microsleep possible
	No microsleep opportunity
	Narrowband control channel approach has a lower power consumption through microsleep

	ICIC
	Hosting narrowband region at different frequencies in adjacent cells allows ICIC
	Hosting narrowband region at different frequencies in adjacent cells allows ICIC
	Similar


3. Conclusion
This document has compared the features of the “narrowband control channel region for MTC” and an “ePDCCH for MTC”. Based on this comparison, Sony have come to the conclusion that although ePDCCH could be used to support a reduced bandwidth UE and enable coverage extension, for the MTC application it is resource inefficient, does not allow the UE to reduce power consumption and has significant specification impact. For these reasons Sony prefers the approach of using a narrowband control channel region leveraged from the Release-12 PDCCH / PHICH / PCFICH [1].

Before RAN1 decides between use of an “ePDCCH for MTC” [2] or a “narrowband control channel region for MTC” [1], RAN1 needs to define what is meant by “ePDCCH for MTC” and “narrowband control channel region for MTC”. This will allow companies to compare the merits of the two approaches in order to agree on a way forward. With a common understanding in RAN1 of the features of the Physical Downlink Control Channel for MTC, RAN1 can smoothly progress the specification of this aspect of MTC. Hence Sony makes the following proposal:
Proposal: RAN1 agrees on the meanings of the terms “ePDCCH for MTC” and “narrowband control channel region for MTC” before attempting to agree on the choice of Physical Downlink Control Channel for MTC.
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