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1. Introduction
The study item for provisioning of low-cost MTC UEs based on LTE targets 20 dB improved coverage for low-cost MTC UEs using very low rate traffic with related latency requirements [2].
For FDD this means that the link budget for the downlink data channel PDSCH needs to be improved around 15.3 dB [4]. Repetition and power boosting have been identified as promising techniques for coverage enhancement for low-cost MTC UEs [3]. It has been noted that achieving sufficient channel estimation quality may be challenging due to the low operating point [5].
In this contribution we provide FDD PDSCH link performance results with repetition.
2. Discussion
We have performed FDD PDSCH link-level simulations with an unlimited number of HARQ retransmissions as a simplified model of TTI repetition (TTI bundling). Ideal as well as practical channel estimation has been simulated. Four different levels of CRS power boosting have been tested (no boosting, 2x boosting, 3x boosting, 6x boosting).
Table 1 lists the simulation assumptions. Figure 1 and Figure 2 show the simulation results with and without UE antenna receive diversity, respectively.
From the FDD link budget in Table 5.2.1.2-2 in [1] we get a reference operating point for PDSCH: a required SINR of -4.0 dB for 20 kbps data rate. The operating point where 20 dB overall coverage enhancement is obtained is estimated to be 15.3 dB lower [4], i.e. around -19.3 dB SINR.

According to the results with UE antenna diversity (in Figure 1), at -19.3 dB SNR,
· with ideal channel estimation, ~12 kbps data rate can be supported;
· with practical channel estimation, ~1 kbps data rate can be supported without CRS power boosting;

· CRS boosting can eliminate up to ~50% of the channel estimation loss.
According to the results without UE antenna diversity (in Figure 2), at -19.3 dB SNR,
· with ideal channel estimation, ~6 kbps data rate can be supported;

· with practical channel estimation, ~0.5 kbps data rate can be supported without CRS power boosting.

· CRS boosting can eliminate up to ~50% of the channel estimation loss.

Assuming that each 1-ms PDSCH TTI will be repeated ~100 times (corresponding to ~20 dB), each data packet will have ~0.1 seconds duration in the air interface. A 20-byte packet [2] transmitted during 0.1 seconds corresponds to 1.6 kbps data rate, to be compared with the achievable data rates obtained in these simulations. As expected, it turns out that the channel estimation performance may become critical.
Techniques that can be considered in order to try to achieve sufficient channel estimation performance include
· preamble for improved initialization of channel estimation

· denser reference symbol (DM-RS) patterns

· consecutive subframes (“multi-TTI”) allowing for averaging between subframes

· narrower bandwidth, in order to improve the energy per bit
Table 1: FDD PDSCH link simulation assumptions

	Parameter
	Value

	Number of subframes
	20000

	System bandwidth
	1.4 MHz 

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1 Hz 

	MCS 
	0

	Number of  allocated DL PRBs
	6

	Transmission mode
	TM2

	Frequency error
	100 Hz

	Performance target
	10% BLER for the initial HARQ transmission

	Channel estimation
	Frequency domain FIR filtering and time domain IIR filtering with memory between subframes (or ideal)
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Figure 1: PDSCH link simulation results with UE antenna receive diversity (right side: zoomed-in version)
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Figure 2: PDSCH link simulation results without UE antenna receive diversity (right side: zoomed-in version)
3. Conclusions
The FDD PDSCH link-level performance with an unlimited number of HARQ retransmissions has been evaluated. The achievable data rate at an operating point that corresponds to 20 dB overall coverage enhancement seems to be sufficient to support the type of traffic described in the SID [2] assuming that sufficient channel estimation performance can be achieved, which may become challenging.
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