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1. Introduction

According to the WID [1], there are three aspects to be considered for the Rel-13 low cost machine type communication (LC-MTC), which are UE complexity reduction, power consumption reduction, and coverage enhancement. In our view, improvement in the spectrum efficiency (SE) becomes a target which is common for these three aspects. Therefore, we strive for improving the SE for all possible physical downlink (DL) and uplink (UL) data/control channels. We assume the reduced DL/UL UE BW reduction of 1.4 MHz to be the baseline for the specification work as agreed at the RAN1#78bis meeting. Among the physical layer channels, in this paper, we focus on the PDSCH and discuss the effect of repetition for the PDSCH which improves coverage. We show that an enormous number of repetitions is required to achieve coverage enhancement. The designs for the other physical layer channels are also discussed in our companion documents [2] – [4].
2. Discussion
When a reduced UE BW of 1.4 MHz is applied, the spectrum efficiency is degraded due to less frequency diversity and scheduling gains. Performance loss caused by UE complexity reduction needs to be compensated by some technical solutions. In addition, coverage enhancement is required to be supported for the Rel-13 LC-MTC and its target value is set to 15 dB. The most straightforward and simplest approach is to repeat the same data transmission using multiple subframes. As the number of repetitions increases, the received signal-to-interference plus noise ratio (SINR) is improved. On the other hand, a smaller number of repetitions is highly preferred in terms of spectrum efficiency and UE power consumption. 

In order to investigate the gains from repetition, we show the block error rate (BLER) performance for the PDSCH with the number of repetitions as a parameter. For comparison, we also plotted the BLER performance for the legacy LTE with a 10 MHz system BW. For the legacy LTE UE, two received antennas are assumed while a single received antenna is assumed for the LC-MTC UE. Table AI. in the Annex gives the detailed simulation conditions. In Fig. 1, we assume that the channel estimation is performed over multiple subframes. The number of subframes used for averaging is assumed to equal the number of repetitions. From Fig. 1, a performance gap of about 5 dB is seen between the PDSCH within a reduced bandwidth of 1.4 MHz and the PDSCH of 10MHz for achieving BLER=0.1. The performance gap compared to the legacy LTE system with 10MHz BW results from worse frequency diversity gain, antenna diversity gain, and inaccurate channel estimation. For the LC-MTC UEs in non-coverage enhancement mode, four repetitions are required to satisfy the same level of the BLER as that for the legacy LTE. For the LC-MTC UEs in coverage enhancement mode, more than 100 repetitions would be required. However, increase in the number of repetitions lowers spectral efficiency and deteriorates the power consumption. 
In order to improve the BLER performance, it is effective to average the channel estimate over multiple subframes and improve accuracy of channel estimation. We investigate the impact of the channel estimation accuracy on the block error rate (BLER) performance when averaging the channel estimates over multiple subframes. The number of subframes used for averaging is assumed to be 1, 4, 10, and 100, respectively. The number of repetitions is set to 100. According to link level simulation results exhibited in Fig. 2, the performance without averaging is degraded by about 10 dB compared to the ideal channel estimation for achieving BLER = 0.1. Even if the channel estimates for the 10 subframes are averaged, a performance gap of about 8 dB is seen compared to ideal channel estimation. On the other hand, when the channel estimates for the 100 subframes are averaged, a performance gap between ideal channel estimation reduces to about 3 dB. From these observations, there may be a possibility that the performance with frequency-hopping becomes worse due to reduced number of subframes available for averaging the channel estimate. Therefore, such improvement in the channel estimation accuracy, e.g., time-domain averaging over multiple subframes, should be always considered as the baseline technique. Then, in order to reduce the number of repetitions, additional technical solutions such as frequency-hopping, frequency scheduling, and/or DM-RS densification can be considered to improve channel estimation accuracy. 
Proposal 1: Before investigating DM-RS densification and/or frequency hopping, the methods to improve channel estimation accuracy, e.g., time-domain averaging over multiple subframes, should be considered. 
Proposal 2: Enhanced techniques such as DM-RS densification and/or frequency hopping to improve spectral efficiency should be further investigated.
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Figure 1 BLER performance for PDSCH with the number of repetition as a parameter
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Figure 2 BLER performance for PDSCH with fixed number of repetition of 100 and
 the number of averaging subframes as a parameter
3. Conclusion
In this paper, we discuss the effect of repetition transmission to physical downlink shared channel for LC-MTC. The following proposals were drawn for the next step. 
Proposal 1: Before investigating DM-RS densification and/or frequency hopping, the methods to improve channel estimation accuracy, e.g., time-domain averaging over multiple subframes, should be considered. 
Proposal 2: Enhanced techniques such as DM-RS densification and/or frequency hopping to improve spectral efficiency should be further investigated.
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Annex

Table I – Simulation Conditions

[image: image3.png]Parameters Value
Carrier freuquency 2 GHz

System bandwidth 10 MHz / 1.4 MHz
Transmission mode ™2

Antenna configuration 2X2/2X%1 low correlation

Channel model EPA
Doppler spread 1Hz
MCSs MCS0
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