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Abstract

The document simulates the performance of ePDCCH for MTC in a coverage extension mode. Between 100 and 160 repetitions of ePDCCH are required to achieve the coverage extension target of 15dB. ePDCCH coverage could be improved by improving the ability of the UE receiver to form channel estimates for ePDCCH and by maximizing the resources available to the ePDCCH.
1. Introduction
In RAN1#80, the following working assumption was agreed:

“Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement”.
This document provides simulation performance results for the ePDCCH, comparing its performance to that of an NC-PDCCH, also operating in an enhanced coverage mode of operation. In order to achieve a 15dB coverage gain, the ePDCCH proposal requires 100-160 repetitions.
It is observed that the performance of the ePDCCH in a coverage extension mode can be improved by improving the ability of the UE to perform channel estimation for the ePDCCH and by maximizing the resources available for the ePDCCH.
2. Simulation Results
Appendix A1 defines the simulation assumptions and the output metrics used in this study. These simulations assumptions are based on those discussed offline by email with other companies [1]. Appendix A2 defines how the coverage extension is calculated in this study.

Figure 1 shows the number of repetitions required to achieve different amounts of coverage extension for the ePDCCH and an NC-PDCCH based Physical Downlink Control Channel for MTC. In order to achieve a coverage gain of 15dB, approximately 160 repetitions need to be applied to the ePDCCH with a realistic channel estimation algorithm. 

Some additional results are also provided for a case where additional filtering of the LS channel estimates used for decoding the ePDCCH is performed, in order to investigate the benefits of allowing the ePDCCH to operate with improved channel estimation algorithms. The improved channel estimation algorithm reduces the number of required repetitions to approximately 100. Hence it appears that the performance of the ePDCCH based proposal could be improved by improving the ability of the UE receiver to derive channel estimates for ePDCCH.
[image: image1.png]coverage extension

Coverage extension of ePDCCH and NC-PDCCH with repetition

2 L L L L L

CH ——

ePDCCH —>—

Ls - x-
15 F
10 E
s L
0 L
50 100 150 200 250 300

number of repetitions




Figure 1 – Relationship between coverage extension and number of repetitions for coverage enhanced ePDCCH and NC-PDCCH

Figure 2 and Figure 3 provide the raw SNR-BLER results that were used to generate Figure 1.
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Figure 2 – SNR - BLER performance of coverage enhanced ePDCCH in EPA
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Figure 3  - SNR - BLER performance of coverage enhanced NC-PDCCH in EPA
There are two factors leading to the lower performance of the ePDCCH relative to the NC-PDCCH:
· The resources taken up by the DMRS are not available for ePDCCH transmission. The NC-PDCCH on the other hand can be demodulated using the CRS and does not require the replication of reference signals. It was observed in [2] that this leads to a performance degradation of approximately 1dB for the ePDCCH relative to the NC-PDCCH based mapping.

· The channel estimation algorithms available for the NC-PDCCH have better performance than those available for the ePDCCH. In particular:

· The NC-PDCCH can use an adaptive channel estimator since it knows that the channel will be consistent in time (and will not change due to an unknown beamforming pattern being applied at the eNodeB). An adaptation to the channel can be performed in non-real time in a low complexity channel estimator and the UE can be confident that the filter so derived will be applicable for a long period of time (for a stationary UE).
· The NC-PDCCH is able to filter channel estimates across PRBs since it knows that channel in one PRB is related to the channel in an adjacent PRB. For the ePDCCH, the UE probably has to assume that the eNodeB could be applying different beamforming weight vectors to an antenna port in different PRBs and hence has to treat each PRB distinctly.

Hence the following two proposals are made:

Proposal 1: RAN1 should consider techniques to support better channel estimation of ePDCCH.

Proposal 2: RAN1 should study techniques to maximize the physical resource available for ePDCCH, including the use of CRS. 

3. Conclusion
Approximately 160 repetitions of the ePDCCH are required to achieve the coverage enhancement target for the Release-13 MTC UE.
The performance of the ePDCCH-based “Physical Downlink Control Channel for MTC” could be signficantly improved by:

· Improving the ability of the UE to perform channel estimation on the ePDCCH

· Maximising the resources available for the ePDCCH and minimising overhead of other signals for ePDCCH

By improving the ePDCCH using these techniques, it should be possible to reduce the number of repetitions required for ePDCCH towards the number required for the NC-PDCCH-based approach (i.e. reduce the number of required repetitions towards 30). 

The following proposals are made:

Proposal 1: RAN1 should consider techniques to support better channel estimation of ePDCCH.

Proposal 2: RAN1 should study techniques to maximize the physical resource available for ePDCCH, including the use of CRS for ePDCCH demodulation. 
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Appendix A1: Simulation Assumptions

Table 1 details the simulation assumptions used in the simulations for the enhanced coverage ePDCCH and NC-PDCCH. The simulation assumptions applied in this document are a subset of the ones discussed via email with interested companies and submitted to this RAN1 meeting for information as [1].

Table 1 – Simulation assumptions for coverage enhancement of “Physical Downlink Control Channel for MTC”
	Parameter
	Assumptions from [1]
	Assumptions Applied in This Tdoc

	MTC bandwidth
	1.4MHz
	1.4MHz

	System bandwidth
	10MHz
	10MHz

	Control start symbol
	2,3
	2

	ePDCCH type
	Distributed, [localized]
	Distributed

	DCI payload size (including CRC)
	FDD: 37 bits

TDD: 39 bits

[optional: FDD,TDD: 27 bits]
	FDD: 37 bits

	MTC Control channel resource
	{4,6 PRBs}

Notes: 

(1) 4 PRB case => PRB pairs 0->3

(2) 6PRB: companies to define their EREG/ECCE/EPDCCH construction
	6 PRBs.

ePDCCH is mapped to all of the resource elements in all of the eREG in 6PRBs

ePDCCH is rate matched to the physical resource in a single subframe and then that physical resource is repeated between subframes

	Number of transmit antennas
	2 (FDD) / 8 (TDD)
	2

	Number of receive antennas
	1/2
	1

	BLER operating point
	1%
	1%

	Antenna correlation
	low
	low

	Channel model
	ETU / EPA
	EPA

	Channel speed
	1Hz
	0Hz

	Carrier frequency
	2GHz (FDD)

2.6GHz (TDD)
	2GHz

	Frequency tracking error
	100Hz
	20Hz: as per the email discussion relating to simulation assumptions [1] 

	Symbol timing accuracy
	discuss whether “perfect” or “value = xyz ppm”
	Perfect

	Inter-subframe frequency hopping
	As per proposal
	None

	Inter-subframe channel estimation
	As per proposal
	None

	Number of CRS ports
	2 (FDD and TDD)
	2

	Reference symbols
	At least DMRS
	DMRS used for demodulation

CRS for 2 antenna ports also exist in the subframe

	Channel estimation
	Non-ideal
	LS (averaged across a PRB in both time and frequency domains)

	CSI-RS
	With CSI-RS

Without CSI-RS
	No CSI-RS in subframe

	MBSFN subframes
	Non-MBSFN subframes

MBSFN subframes
	Non-MBSFN subframes


In a coverage extension mode, the operation of NC-PDCCH is very similar to that of ePDCCH, the main differences being summarized in Table 2.

Table 2 – Specific simulation assumptions relating to NC-PDCCH

	Parameter
	NC-PDCCH specific assumptions

	Reference symbols
	CRS only

	Channel estimation
	MMSE (see discussion in section 3)

	Transmit diversity
	TM2 with 2 transmit antennas


The output metric that is applied is the “number of repetitions to achieve a coverage gain of 15dB”. According to our method of coverage extension calculation, this metric is equivalent to the “number of repetitions required to fulfil the BLER at SNR target = -14.3dB”.

For the purposes of this document, a “repetition” is considered to the repetition of a subframe (the term “repetition” is not used to describe the amount of repetition coding that occurs within a subframe).

Appendix A2: Coverage Extension Calculation

The required SNR for PDCCH to achieve 1% BLER was studied in TR36.888 [3] and was found to be -4.7dB. This SNR corresponds to an MCL of 146.1dB and provides a coverage that is 5.4dB better than that of the channel with the worst coverage (PUSCH: MCL = 140.7dB).

Hence an (e)PDCCH for a Release-13 MTC UE that achieves a 1% BLER at ‘x’ dB SNR allows the system to operate at a coverage extension of (5.4 + (-4.7 – x)) dB. 

It is noted that the baseline coverage of a Release-13 MTC UE is different to that of the category 1 UE studied in [2] due to factors that affect the SNR performance of the UE, such as the narrower bandwidth nature and the single antenna of the Release-13 UE. Although there might be some “link budget improving factors” that provide compensating performance improvements for a Release-13 UE, in this Tdoc, we just consider how the SNR performance of the (e)PDCCH affects the coverage of the Release-13 MTC UE. 

Hence in this Tdoc, the coverage extension attainable from a certain (e)PDCCH performance is calculated as:

CVE = 0.7 – x dB

where ‘x’ is the SNR required for the (e)PDCCH to achieve 1% BLER.
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