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1. Introduction

At the RAN1#79bis meeting, the following agreement was reached regarding Rel-13 low complexity machine type communication (LC-MTC).
Agreement:

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
However, the reduced UE BW of 1.4 MHz decreases the frequency diversity gain and degrades the spectral efficiency (SE). Hence, techniques to restore the frequency diversity gain such as frequency hopping or frequency scheduling should be investigated. At the last RAN1 meeting, companies showed that an enormous number of repetitions is required to achieve coverage enhancement by using only repetition [1]-[5]. In system information block (SIB) evaluations, similar observations are reported in the agreed document [6]. Hence, innovative techniques should be investigated to reduce such a great number of repetitions and improve the SE. In this contribution, we consider frequency hopping and frequency-selective scheduling for the PDSCH for LC-MTC and show the performance results for the PDSCH to clarify the effectiveness of these techniques.
2. Techniques to Improve Spectrum Efficiency
Since there is a limitation on improving the SE for the given narrow frequency BW of 1.4 MHz, one approach to improve the SE is to utilize the whole LTE BW through some means in order to obtain frequency diversity or frequency scheduling gains for lower data rate transmissions. We consider that using multiple sets of the reduced UE DL/UL BW of 1.4 MHz would be an effective approach. Employing multiple sets has the advantages of achieving an offloading effect and obtaining frequency diversity/scheduling gains, especially for UEs in the coverage enhancement mode. Multiple sets of reduced DL/UL BW of 1.4 MHz would be indicated by a new SIB for LC-MTC UEs as shown in Fig. 1. Even for a broadcast transmission, it may be possible to transmit a common search space (C-SS) on the EPDCCH using different sets of the system BW to achieve a frequency diversity gain over multiple subframes for the UE in the coverage enhancement mode. Regarding a UE-specific SS (U-SS) on the EPDCCH, a frame structure similar to that for the C-SS can be considered and frequency hopping can be applied. According to the detection of the downlink control information (DCI), e.g., the DL assignment, the downlink data that are allocated within the six PRBs on the PDSCH are detected. For resource allocation, modification to the resource allocation would be necessary since the granularity of the resource allocation for the LC-MTC UE is different from that for legacy LTE. For example, LC-MTC UEs can be configured with two sets of six PRBs, and one of the sets and PRBs in the set can be dynamically indicated in a cross-subframe scheduling manner using the DCI. In this way, a frequency diversity gain would be achieved while the size of the DCI can be curtailed. 
In the above frequency hopping operation or dynamic resource allocation in the frequency domain, there may be some potential issues that need to be resolved. One issue is that the RF may require retuning to different frequency locations. We note that one subframe is used for retuning for the half duplex mode LC-MTC UE in Rel. 12 and RAN4 is to provide the retuning time. Another issue is CSI measurement/reporting for multiple sets of the reduced UE DL BW of 1.4 MHz since the LC-MTC UE can only measure one of the set of reduced DL BWs in a subframe. If LC-MTC UEs are to measure periodically the CSI for multiple sets, frequent retuning among multiple sets is required. This will result in high power consumption. Thus, an efficient CSI measurement/reporting method should be considered. There are several methods to perform CSI measurement/reporting for multiple sets of 1.4 MHz BWs. A simple approach is to configure independent measurement subframes for multiple sets with a longer periodicity. During CSI measurement in the configured subframe in a certain set of 1.4 MHz BWs, although DL transmission, e.g., PDSCH transmission, is possible in the same set, no DL signal can be allocated to a different set. Another approach is to enhance aperiodic CSI reporting triggered by the DCI. For LC-MTC UEs, the DCI triggers CSI reporting and CSI measurement. Namely, the LC-MTC UE does not perform CSI measurement until it is triggered to do so by the DCI. In this way, we can avoid increasing the UE power consumption due to CSI measurement while implementing CSI measurement for multiple sets of 1.4 MHz BWs.
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Figure 1 - Example of downlink frame structure for reduced UE BW
3. Performance Evaluation
In order to investigate the gains from repetition, we show the block error rate (BLER) performance of the PDSCH with the number of repetitions as a parameter in Fig. 2. For comparison, we also plot 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 detailed simulation conditions that are based on those in [7]. We assume cross-subframe channel estimation. The number of subframes used for averaging is assumed to be at most five which yields the lowest BLER. Fig. 2 shows that the performance for the MTC-UE with a reduced UE BW of 1.4 MHz is degraded compared to that for the legacy LTE UEs since frequency diversity and received antenna diversity gains are not achieved due to the limited BW. We see that the performance is improved as the number of repetitions increases. However, according to Table 1, an enormous number of repetitions (180 repetitions) is required to achieve the coverage enhancement, i.e., required SNR =  14.2 dB. 
The number of repetitions may be reduced by applying frequency hopping since a frequency diversity gain can be obtained. In order to investigate the frequency diversity effect, we show the BLER performance based on frequency hopping in Fig. 2. In this simulation, we assume that the frequency resources allocated to the UE are changed by half of the number of repetitions and that frequency hopping is applied between the PDSCH sets located at both edges of the system bandwidth. For a smaller number of repetitions, e.g., four, frequency hopping does not improve the BLER. When frequency hopping is not applied, the channel estimation accuracy is improved by cross-subframe channel estimation using four subframes. However, when frequency hopping is applied, the channel estimation accuracy is degraded since the number of subframes for cross-subframe channel estimation becomes half even though a frequency diversity gain is obtained. As a consequence, the number of repetitions cannot be reduced as shown in Table 1. On the other hand, for a larger number of repetitions, e.g., 100, frequency hopping improves the BLER. In this case, a sufficient level of channel estimation accuracy can be obtained. Accordingly, the number of repetitions to achieve the coverage enhancement mode is reduced from 180 to 120 by applying frequency hopping as given in Table 1.
A frequency scheduling gain is achieved by selecting a frequency resource that exhibits better channel quality. We show the BLER performance when applying the frequency scheduling in Fig. 2. In this simulation, we assume a frequency resource with the best channel quality is allocated to the UE out of the PDSCH sets located at both edges of the system bandwidth throughout all the repeated subframes. We assume ideal channel quality, i.e., ideal received signal power for both PDSCH sets. Even for a small number of repetitions, e.g., four, frequency scheduling improves the BLER. The numbers of repetitions to achieve the normal coverage and coverage enhancement modes are reduced from 4 to 2 and 180 to 60, respectively, by applying frequency scheduling as summarized in Table 1.
From the above results, frequency scheduling is effective in improving the BLER performance and reduces the number of repetitions. For a larger number of repetitions, frequency hopping is also beneficial in reducing the number of repetitions. Hence, both frequency hopping and frequency scheduling should be supported.
Observation 1: It is possible to reduce the number of repetitions by applying frequency scheduling regardless of the number of repetitions.

Observation 2: It is possible to reduce the number of repetitions by applying frequency hopping or frequency scheduling when the number of repetitions is quite large.
Proposal 1: Frequency hopping and/or frequency scheduling should be supported in order to improve the spectral efficiency.
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Figure 2 BLER performances based on repetition, frequency hopping and frequency scheduling for PDSCH with the number of repetitions as a parameter

Table 1 Number of repetitions satisfying the required SINR for normal and coverage enhancement modes   (target BLER = 101)
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4. Conclusion
In this contribution, we discuss the effects of the repetition transmission, frequency hopping, and frequency scheduling on the physical downlink shared channel for LC-MTC. Below, we summarize our observations and proposal. 
Observation 1: It is possible to reduce the number of repetitions by applying frequency scheduling regardless of the number of repetitions.

Observation 2: It is possible to reduce the number of repetitions by applying frequency hopping or frequency scheduling when the number of repetitions is quite large.

Proposal 1: Frequency hopping and/or frequency scheduling should be supported in order to improve the spectral efficiency.
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Annex

Table I – Simulation Conditions
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Figure I BLER performances of PDSCH based on repetition with the number of repetition as a parameter
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Figure II BLER performances based on frequency hopping for PDSCH with the number of repetitions as a parameter
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Figure III BLER performances when applying the frequency scheduling to PDSCH with the number of repetitions as a parameter
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Carrier frequency 2 GHz
System bandwidth 10 MHz / 1.4 MHz
Transmission mode ™2
Antenna configuration 2x2/2x1low correlation

Channel model EPA
Doppler spread 1Hz
MCS MCSO0
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