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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 stationary low-cost MTC UEs using very low rate traffic with relaxed latency requirements [1]. Initial results for PDSCH were presented in [2]. 
In this contribution we present new results with somewhat updated simulation assumptions, e.g. as agreed in [3]. 

2. Discussion
The results presented in [2] were based on 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 was simulated. 
2.1. PDSCH repetition with and without HARQ feedback
First, some of the results from [2] are repeated here. It was e.g. shown, according to Figure 1, that with increased low pass filtering of channel estimation, it is possible to achieve a throughput of ~4 kbps @ -20 dB SNR. This may be further improved by applying some boosting of the reference signals. 
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Figure 1: Achievable data rate with low-pass filtered channel estimates
However, the results above are based on the use of HARQ feedback with flexible number of retransmissions. This is the normal way LTE is operated, and applicable at channel conditions for e.g. mobile broadband applications. However, at very low SNR, it can be argued that full HARQ feedback according to legacy procedures is considerably more challenging and less effective.  One reason for this is that the uplink transmission also operates at low SNR levels, so the ACK/NACK feedback will require more system resources, and in particular typically be based on some kind of repetition, with longer latency as a consequence. 
We therefore now present results based on a fixed, predetermined number of transmissions in Figure 2, with achievable data rate to the left and corresponding block error rate to the right. The general simulation assumptions are listed in Table 1, and in this particular case the simulations are based on EPA channel model, practical channel estimation, and with no boosting of the reference symbols. 
Table 1: FDD PDSCH link simulation assumptions

	Parameter
	Value

	Number of subframes
	60000

	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 (+Ricean component with K=10 in Section 0)

	Doppler spread
	1 Hz 

	MCS 
	0

	Number of  allocated DL PRBs
	6

	Transmission mode
	TM2

	Frequency error
	20 Hz

	Performance target
	10% BLER for the initial HARQ transmission

	Channel estimation
	Frequency domain FIR filtering and time domain IIR filtering corresponding to averaging over ~ 5 subframes (or ideal)


As can be seen from the figure, the optimal number of retransmissions varies with SNR as expected. E.g., at -20 dB SNR, the figure indicates that the optimal number of repetitions is ~40. The figure hints that one might try to vary the number of repetitions depending on the current channel conditions, in order to try to follow the envelope of the curve. 
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Figure 2: Data rate (left) and BLER (right) for fixed number of repetitions using 2 RX antennas.
It should be noted that the typical scenario in the SI target is not to achieve a sustained data rate, but rather to transmit few occasional packages, and thus it may be useful to consider the BLER performance directly instead, when selecting suitable packet sizes and number of repetitions. This should be studied further in a potential future work item.
For the targeted operating point at SNR=-19.3 dB, the achievable data rate according to the Figure 2 is around 1.5 kbps. This is significantly lower compared to the (ideal) HARQ retransmission scheme used in Figure 1. This can be understood by considering that HARQ feedback provides a good means of using an optimum number of retransmissions in different fading conditions for the propagation channel. This is not the case when using a fixed number of retransmissions. When a fading dip is encountered such that the fixed number of retransmissions is not sufficient, no throughput is achieved until the fading situation improves. Similarly, in good channel conditions, the signal may be transmitted with unnecessarily large number of repetitions, reducing the achievable data throughput. One way of improving this is to combine the fixed repetition transmissions in Figure 2 with some retransmission scheme, based on either HARQ or higher layer retransmission. This will improve the achieved throughput, or, correspondingly, decrease the time it takes to transmit a packet. Another possible means of improving the performance is to facilitate channel estimation by allocating more power to reference symbols, as shown in [2].
For comparison, results for 1 RX antenna are also included, see Figure 3. As expected, the available data rate at SNR=-19.3 dB is further reduced to ~0.9 kbps, but still the figure indicates that ~40 repetitions is optimal. 
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Figure 3: Data rate (left) and BLER (right) for fixed number of repetitions using 1 RX antenna.

2.2. Simulations based on Ricean fading model

It was suggested in [4] that, in addition to the Rayleigh fading EPA channel profile, also a channel model with a Ricean component was added. Based on models that have been derived from measurements, it was proposed to use the K factor = 10. Throughput results based on this channel model are presented in Figure 4, where the original setup based on HARQ feedback has been used. The general simulation assumptions are listed in Table 1, also here without boosting of the reference symbols.
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Figure 4: Data rate with Raleigh (K=0) and Ricean (K=10) fading, for ideal and practical channel estimation.
As can be seen in the figure, there actually seems to be a loss in the range of 0.5-1 dB when using a Ricean fading model at these operating conditions, both for ideal and practical channel estimation. The degradation is moderate,  albeit not insignificant, and therefore Ricean models may be considered also in the following when evaluating the performance of enhanced coverage. 
3. Conclusions
The FDD PDSCH link-level performance with a fixed number of repetitions has been evaluated. The available data rate is reduced compared to using HARQ feedback which adapts the number of repetitions according to varying channel conditions. With this reduction due to the fixed number of repetitions, the data rate using 2 RX antennas  is on the border of being sufficient in order to support the targeted traffic scenario in the study item at an operating point that corresponds to 20 dB overall coverage enhancement. Thus, it may still be required to improve achievable data rates, for example by combining the fixed number of repetitions with retransmissions based on a modified HARQ scheme or higher layer retransmissions, or to improve channel estimation quality by allocating more power to reference symbols. 
Furthermore, simulation results have been presented for a Ricean fading model, which seems to degrade the performance corresponding to 0.5-1 dB SNR loss. 
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