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Abstract

This document compares the performance of the NC-PDCCH and ePDCCH proposals for the “Physical Downlink Control Channel for MTC”. The NC-PDCCH proposal is observed to outperform the ePDCCH proposal by approximately 2.5dB due to better channel estimation performance, greater frequency diversity and less resource wastage through duplication of reference signals. Smaller DCI formats can improve control channel performance by approximately 2dB.
1. Introduction
In RAN1#80 Athens, simulations were performed of the ePDCCH and NC-PDCCH proposals for the “Physical Downlink Control Channel for MTC” [2][3]. Those simulation results showed that the NC-PDCCH based “Physical Downlink Control Channel for MTC” outperforms the ePDCCH by approximately 2-3dB [4] when ideal channel estimation is assumed.
This document provides simulation results for the NC-PDCCH and ePDCCH proposals for the “Physical Downlink Control Channel for MTC” in normal coverage mode when realistic channel estimation is modelled according to an updated set of simulation assumptions [1]. 
With the updated simulation assumptions, the performance gain of the NC-PDCCH over the ePDCCH is observed to be approximately 2.5dB. 

The factors that lead to the NC-PDCCH performance being better than that of the ePDCCH are (1) the ability to use better performing channel estimation algorithms in the NC-PDCCH case, (2) greater frequency diversity for the NC-PDCCH case and (3) less resource wastage through duplication of reference signals in the NC-PDCCH case.
The use of a smaller DCI size (DCI1C = 24 bits) is observed to provide approximately 2dB performance gain over a larger DCI size (DCI0 = 37 bits), regardless of the structure of the “Physical Downlink Control Channel for MTC”.
2. Summary of Simulation Results

Detailed simulation results are provided in section 3. The results are summarized in Table 1 below for DCI0 (37 bits including CRC) and DCI1C (24 bits including CRC) in both EPA and ETU channels. 
Table 1 – Summary of simulated performance of NC-PDCCH and ePDCCH in normal coverage
	
	Format
	DCI0: SNR required to for 1% BLER
	DCI1C: SNR required to for 1% BLER

	
	
	NC-PDCCH
	ePDCCH
	gain
	NC-PDCCH
	ePDCCH
	gain

	EPA
	0
	5.3dB
	11.2dB
	5.9dB
	2.8dB
	6.0dB
	3.2dB

	
	1
	2.1dB
	4.5dB
	2.4dB
	0.0dB
	2.5dB
	2.5dB

	
	2
	-0.7dB
	1.9dB
	2.6dB
	-2.7dB
	0.0dB
	2.7dB

	
	3
	-3.6dB
	-0.4dB
	3.2dB
	-5.5dB
	-2.0dB
	3.5dB

	ETU
	0
	4.8dB
	10.7dB
	5.9dB
	2.0dB
	5.5dB
	3.5dB

	
	1
	1.3dB
	4.0dB
	2.7dB
	-0.8dB
	1.7dB
	2.5dB

	
	2
	-1.5dB
	0.7dB
	2.2dB
	-3.4dB
	-1.3dB
	2.1dB

	
	3
	-4.0dB
	-1.6dB
	2.4dB
	-5.8dB
	-3.4dB
	2.4dB


The following observations are made on the simulation results presented in Table 1:

· The performance of the NC-PDCCH is approximately 2.5dB to 3dB better than that of the ePDCCH over a range of conditions:

· For both ETU and EPA channel models

· For all aggregation levels 1,2,4 and 8

· For both for small DCI sizes (DCI1C = 24 bits) and for larger DCI size (DCI0 = 37 bits)
· A large factor in the EPA performance improvement is from the improved channel estimation performance that is achievable for the NC-PDCCH proposal. In a 1.4MHz system bandwidth, the EPA channel is not very frequency selective and the MMSE channel estimator is able to filter channel estimates across most of the system bandwidth.

·  For the ETU channel, NC-PDCCH has a frequency diversity advantage over the ePDCCH (even though the ePDCCH uses a distributed format with maximally separated PRBs). The frequency diversity gains achievable using NC-PDCCH were observed and investigated previously [4]
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[5]. There will also be some channel estimation gain observed for the NC-PDCCH in the ETU channel, but this gain is expected to be less than in the EPA channel.
· The ePDCCH performance at a given control channel format (aggregation level) is impacted due to the overhead associated with the ePDCCH (CRS exist in the subframe, but the ePDCCH requires separate DMRS for the purposes of channel estimation, reducing the number of resource elements available for transmission of the DCI). This effect is particularly evident for format 0, where the coding rate of the ePDCCH is high compared to the NC-PDCCH, leading to an additional coding gain loss for the ePDCCH. This effect was noted in [6] where the loss associated with the ePDCCH overhead was estimated at up to approximately 1dB. 

· DCI1C (24 bits including CRC) performance is observed to be better than DCI0 (24 bits including CRC) performance for both the NC-PDCCH and the ePDCCH.

The ePDCCH performance could potentially be improved by:
· Supporting improved channel estimation techniques.

· Supporting demodulation using CRS when available in the subframe, and not requiring DMRS in such subframes.

3. Simulation Results

3.1 EPA channel

Figure 1 provides simulated performance results for NC-PDCCH and ePDCCH in an EPA channel for DCI0. Figure 2 provides simulated performance results for DCI1C in EPA. In both cases, the NC-PDCCH outperforms the ePDCCH by about 2.5dB. The SNR performance of DCI1C is observed to be about 2dB better than DCI0 performance.  
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Figure 1 – Simulated performance of NC-PDCCH and ePDCCH in EPA for DCI0 (37 bits)
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Figure 2 - Simulated performance of NC-PDCCH and ePDCCH in EPA for DCI1C (37 bits)

3.2 ETU channel

Figure 3 provides simulated performance results for NC-PDCCH and ePDCCH in an ETU channel for DCI0. Figure 4 provides simulated performance results for DCI1C in ETU. In both cases, the NC-PDCCH outperforms the ePDCCH by about 2.5dB. The SNR performance of DCI1C is observed to be about 2dB better than DCI0 performance.  
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Figure 3 - Simulated performance of NC-PDCCH and ePDCCH in ETU for DCI0 (37 bits)
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Figure 4 - Simulated performance of NC-PDCCH and ePDCCH in ETU for DCI1C (24 bits)
4. Conclusion
This document has provided simulation results for the ePDCCH and NC-PDCCH proposals for the “Physical Downlink Control Channel for MTC”. The ePDCCH based proposal outperforms the NC-PDCCH proposal by approximately 2.5dB for a range of OTA channels, control channel formats and DCI sizes. This improved performance is considered to be due to (1) the ability to use better performing channel estimation algorithms in the NC-PDCCH case, (2) greater frequency diversity for the NC-PDCCH case and (3) less resource wastage through duplication of reference signals in the NC-PDCCH case.

The use of a smaller DCI size (24 bits compared to 37 bits) can improve performance of both the ePDCCH and the NC-PDCCH by approximately 2dB.

Based on our findings from our simulations, our proposals are:

Proposal 1: The “Physical Downlink Control Channel for MTC” should preferably be based on the NC-PDCCH.

Proposal 2: RAN1 should consider reduction of DCI sizes to be carried on the “Physical Downlink Control Channel for MTC”.

The following observations are made:

Observation 1: ePDCCH performance for MTC would be improved by supporting improved channel estimation techniques.

Observation 2: ePDCCH demodulation should be possible using CRS when CRS are available within the subframe.
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Appendix: Simulation Assumptions
Table 2 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 2 – Simulation assumptions “Physical Downlink Control Channel for MTC” in normal coverage mode

	Parameter
	NC-PDCCH
	ePDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz

	System bandwidth
	10MHz
	10MHz

	Control start symbol
	2
	2

	ePDCCH type
	-
	Distributed

	DCI payload size (including CRC)
	FDD: 37 bits; 24 bits


	FDD: 37 bits; 24 bits



	Formats
	0,1,2,3
	0,1,2,3

	MTC Control channel resource
	Figure 3
	Figure 3

	Number of transmit antennas
	2
	2

	Number of receive antennas
	1 
	1

	BLER operating point
	1%
	1%

	Antenna correlation
	low
	low

	Channel model
	EPA, ETU
	EPA, ETU

	Channel speed
	1Hz 
	1Hz 

	Carrier frequency
	2GHz 
	2GHz 

	Inter-subframe frequency hopping
	No
	No

	Inter-subframe channel estimation
	No
	No

	Number of CRS ports
	2 
	2 

	Reference symbols
	CRS
	DMRS

	Channel estimation
	MMSE (6 PRB)
	LS filtered (1 PRB)

	CSI-RS
	No CSI-RS
	No CSI-RS

	MBSFN subframes
	Non-MBSFN subframes
	Non-MBSFN subframes


Figure 5 illustrates the frame formats applied in these simulations. The distributed ePDCCH has been simulated with the ePDCCH PRBs maximally spaced in the frequency domain since this provides the best performance for ePDCCH in frequency selective channels [2].
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Figure 5 - Frame structures applied for different NC-PDCCH / ePDCCH formats

The NC-PDCCH is simulated using an MMSE-based channel estimation algorithm. The MMSE filter coefficients can be calculated offline for the NC-PDCCH case since the PDP statistics of the channel do not change quickly
 and the UE can assume that the only changes in the channel are due to the multipath fading characteristics of the channel. MMSE-based channel estimation is hence considered to be feasible for the CRS-based NC-PDCCH.

The ePDCCH is simulated using a filtered LS-based channel estimation algorithm. Filtering is performed within the subframe and within the PRB. Since the UE does not know the relationship between random beamforming weight vector, PRB and subframe, in the simulation the UE only assumes that the channel is consistent within a PRB and a subframe. 
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� The PDP statistics of the channel will change more rapidly for high speed channels (e.g. > 120kmph), but the sensitivity of the MMSE algorithm to the PDP statistics and update rate of the MMSE filter are beyond the scope of this document
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