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1 Introduction

In this document, we present link level simulation results for physical downlink control channel for MTC or M-PDCCH, for Rel-13 low complexity and/or coverage enhanced UEs [1].

2 Simulation assumptions
The simulation assumptions are according to agreement in [2], with specific parameters used as outlined in Table 1. For the 6-PRB control channel resource, the EREG/ECCE/EPDCCH construction is described in [3].

Table 1: Link simulation parameters in enhanced coverage for EPDCCH
	Parameter
	Value

	MTC bandwidth
	1.4 MHz

	System bandwidth
	10 MHz

	Control start symbol
	2

	ePDCCH type
	Distributed - Localized

	DCI payload size (including CRC)
	27 bits

	MTC Control channel resource
	6 PRBs, as described in [3]

	Number of transmit antennas
	2 

	Number of receive antennas
	1

	BLER operating point
	1%

	Antenna correlation
	Low

	Channel model
	ETU - EPA

	Channel speed
	1 Hz

	Carrier frequency
	2 GHz (FDD)

	Frequency tracking error
	0 Hz

	Symbol timing accuracy
	Ideal

	Inter-PRB channel estimation
	1,3 and 6 PRG sizes

	Cross-subframe channel estimation
	IIR filtering with time constant ~3 subframes

	Channel estimation
	Single subframe / cross-subframe

	CSI-RS
	Without CSI-RS


3 Simulation results and discussion
We have performed link level simulations for M-PDCCH according to parameter setup explained in section 2. In these simulations, we compare Distributed and Localized ECCEs allocation performance, for both EPA and ETU channel models. Also we are addressing the achievable performance gain by joint DMRS+CRS channel estimation compared to DMRS channel estimation for M-PDCCH.
3.1 Localized vs. Distributed M-PDCCH

EPDCCH was introduced in Rel-11, with both localized and distributed transmission modes. It is still not decided whether both modes will be supported for the M-PDCCH control channel for MTC devices. In this contribution we argue that at least distributed transmission shall be supported.

For distributed EPDCCH, two antenna ports are used for transmission, while only one antenna port is used for localized allocation [4]. A proper precoder can provide a beamforming gain for localized transmission. However, this relies on CSI feedback from the UE, which is not always possible for an MTC device, in particular when operating in enhanced coverage. Therefore, using localized EPDCCH concept for channel dependent scheduling is not always applicable.  Instead, to take advantage of spatial diversity to improve performance of localized M-PDCCH, we can use cyclic precoding for localized ECCEs mapping. In this contribution we have studied precoder cycling in frequency domain with granularity of 1PRB. For distributed M-PDCCH, a diversity gain is instead obtained by utilizing two antenna ports. 
To further enhance the performance, it may be possible to employ cross PRB channel estimation by using the Precoding Resource block Group (PRG) concept. This means that within a PRG group, the precoder can remain the same for PRBs in the group [5]. 
Moreover, the number of DMRS pilots for distributed M-PDCCH is twice as many as for localized for each user. In case the whole channel is occupied by one UE (e.g. aggregation level of 24 when 6 PRBs are allocated to EPDCCH) we can for localized transmission set the DMRS power for one of the ports to zero and allocate that power to the other port, which results in power boost of reference signals by 3dB. It shall however be noted that this DMRS boosting is not available if multiple users are multiplexed over the same RBs. 
Figure 1 shows the results for Distributed and Localized M-PDCCH simulation for EPA channel model and for different number of Bundle Sizes (BSs) of repetition, according to setup described above. We can observe that power boosting of reference signals for localized M-PDCCH results in 1dB performance gain. On the other hand for distributed MPDCCH, cross-PRB channel estimation can improve the performance up to 3dB. These results show that for EPA channel, distributed M-PDCCH with cross PRB channel estimation and PRG=6 can outperform localized M-PDCCH with boosted DMRS, by 2dB.
Another observation is that while for aggregation level equal to 16, the maximum achieved gain regarding cross-PRB channel estimation is obtained by PRG=3 [6]; For aggregation level equal to 24, PRG=6 has better performance than PRG=3. The reason is that in case of AL=24, all the DMRS pilots within 6PRB bandwidth are used to perform the channel estimation while this is not the case for AL=16.
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Figure 1: M-PDCCH-BLER comparison between Distributed vs. Localized resource allocation for EPA channel
Figure 2 is simulation results for same setup, except that the channel in this case is ETU. As we can see, for ETU channel, power boosting of DMRS will give about 1.5dB improvement for localized M-PDCCH. On the other hand for distributed M-PDCCH, since the bandwidth coherency for ETU is less than EPA channel; cross PRB channel estimation cannot achieve considerable gain at low SNRs. Therefore, localized boosted DMRS can outperform distributed M-PDCCH with about .5dB at lower SNRs. However, at higher SNRs, distributed M-PDCCH can achieve almost the same performance as localized M-PDCCH. Also we should notice that in lower SNRs PRG=3 has better performance compared to PRG=6 due to the small bandwidth coherency for ETU channel. Considering the results for both EPA and ETU, it appears that PRG=3 may be the best alternative.
The presented results show that it is useful to support at least distributed transmission. 
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Figure 2: M-PDCCH-BLER comparison between Distributed vs. Localized resource allocation for ETU channel
3.2 Joint DMRS-CRS based channel estimation 
It has been proposed to use joint DMRS-CRS channel estimation for improving channel estimation performance, which is might be useful at low SNR levels corresponding to operation in enhanced coverage. One potential drawback is that the freedom in choosing precoders for the DMRS antenna ports may be lost this way. However, for distributed mode the spatial diversity obtained with the arrangement of the two antenna ports is not limited particularly by using a known precoder establishing a fixed relationship between the CRS and DMRS antenna ports. For localized transmission, a known precoder cycling scheme could provide similar diversity gains while enabling joint DMRS-CRS channel estimation. Below, the potential gain is assessed for distributed transmission.

If we consider all reference signals in one resource block, the number of DMRSs is equal to 24 and number of CRSs is equal to 16. Moreover, if we assume that the channel frequency and time variations is very slow within one resource block which is a valid assumption for ETU and EPA with 1Hz channel speed. We can assume that all the reference signals inside one resource block experiencing the same fluctuations. In that case, we can emulate the performance of DMRS+CRS based channel estimation with boosting DMRS power proportional to the extra number of CRS pilots i.e. 5/3, which is equivalent to 2.22dB.
Figure 3 shows the performance for distributed M-PDCCH for DMRS based channel estimation and 2.2dB boosted DMRS, so as to emulate DMRS+CRS channel estimation for EPA channel. We can observe that using CRS along with DMRS for performing channel estimation can gain less than .5dB compared to DMRS based channel estimation. Figure 4 shows simulation results for same scenario for ETU channel. We have the almost same gain as EPA channel for ETU.
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Figure 3: M-PDCCH-BLER simulation of joint DMRS-CRS channel estimation for EPA channel
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Figure 4: M-PDCCH-BLER simulation of joint DMRS-CRS channel estimation for ETU channel
4 Conclusions

In this contribution, simulation results are shown for M-PDCCH performance according to the common simulation assumptions [2]. We have the following observations from the simulation results for aggregation level 24.
Observations:

· For EPA channel, localized M-PDDCH with 3dB DMRS power boosting can achieve 1dB gain compared to normal power level. 
· For EPA channel, in case of Distributed M-PDCCH, cross PRB channel estimation with PRG=3 and PRG=6 improve the performance by 2dB and 3dB respectively

· The performance of distributed M-PDCCH with fix precoder and cross-PRB channel estimation is up to 2dB better than localized M-PDCCH with cyclic precoder and 3dB power boosted DMRS, for EPA channel

· For ETU channel, localized M-PDDCH with 3dB DMRS power boosting can achieve about 1.5dB gain compared to normal power level. 
· For ETU channel, localized M-PDCCH with cyclic precoder can perform slightly (about .5dB) better than distributed M-PDCCH with fix precoder and cross-PRB channel estimation, while at higher SNRs the performances are about the same.

· For ETU channel, due to the small coherence bandwidth, PRG=6 cannot provide better performance than PRG=3 nor 1.

· Taking different channel models into account, PRG=3 seems to provide best performance.

· DMRS+CRS based channel estimation can achieve slightly better performance than  DMRS based channel estimation for both ETU and EPA channel.

Proposals:

· At least distributed M-PDCCH transmission shall be supported

· Consider using PRG=3 in order to improve cross-PRB channel estimation, in particular for distributed transmission.

· Consider defining a known (fixed) relationship between the CRS and DMRS antenna ports, at least for distributed transmission.
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