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1. Introduction

At the RAN1#80 meeting, support for cross-subframe channel estimation and frequency hopping was agreed on for Rel-13 low complexity machine type communication (LC-MTC).
Agreement:

· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported

· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 

· X value and configuration are FFS
· This does not preclude dis-continuous transmission for unicast PDSCH

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS

· FFS: Other techniques
Cross-subframe channel estimation and frequency hopping are extremely effective in reducing the number of repetitions and improving the spectral efficiency [1]-[7]. However, some other techniques to improve further the system performance, e.g., frequency-selective scheduling or discontinuous transmission, should be investigated further [8]. In this contribution, we investigate the need for frequency-selective scheduling for the PDSCH for LC-MTC and present performance results for the PDSCH to clarify the effectiveness of this technique. We also describe usage cases for discontinuous transmission in terms of network operation.

2. Discussion on Frequency-Selective Scheduling
Frequency-selective scheduling is an effective technique to improve the spectrum efficiency by selecting a frequency resource that exhibits better channel quality if the subband CQI is available. Frequency-selective scheduling can be achieved by performing the following steps as shown in Fig. 1.

· Step 1: A higher layer configures multiple sets of six PRBs. (1. in Fig. 1)
· Step 2: DCI dynamically indicates one PDSCH set on the EPDCCH. (2. in Fig. 1)
· (Step 3): PRBs within the corresponding PDSCH set are further indicated using the RA field in the DCI if needed.
For example, if four sets of six PRBs are configured over the entire system BW and resource allocation within a set of six PRBs is not considered, only two bits in the DCI are necessary to perform the above frequency selective scheduling. In this case, the issue is CSI measurement/reporting for multiple sets for the reduced UE DL BW of 1.4 MHz since the LC-MTC UE can only measure one of the sets of reduced DL BWs in a subframe. We note that such CSI measurements over multiple sets of six PRBs are also needed for frequency hopping. 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. A possible approach is to enhance aperiodic CSI reporting triggered by the DCI. For LC-MTC UEs, the DCI triggers CSI reporting and CSI measurement as shown indicated by Step 3 in Fig. 1. 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.

[image: image17.jpg]Parameters Value
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

Maximum frequency offset 100 Hz





Figure 1 – Frequency-selective scheduling for PDSCH.
Figure 2 shows the block error rate (BLER) performance of the PDSCH with the number of repetitions as a parameter. For comparison, we also plot the BLER performance for legacy LTE with a 10 MHz system BW. For the legacy LTE UE, two receiver antennas are assumed while a single receiver antenna is assumed for the LC-MTC UE. Table AI. in the Annex gives details of the simulation conditions that are based on those in [9]. We assume cross-subframe channel estimation. In this simulation, frequency hopping and frequency-selective scheduling are evaluated. 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 BW. We assume that a frequency resource with the best channel quality is allocated to the UE between two PDSCH sets located at both edges of the system BW throughout all the repeated subframes. We assume that the ideal received channel quality, i.e., ideal received signal power, is available for both PDSCH sets.
According to Fig. 2 and Table 1, an enormous number of repetitions (180 repetitions) is required to achieve coverage enhancement, i.e., required SNR =  14.3 dB. The number of repetitions can be reduced by applying frequency hopping since the frequency diversity effect can be obtained.
In Fig. 2, we show the BLER performance when applying frequency-selective scheduling. Even for a small number of repetitions, e.g., four, frequency-selective 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-selective scheduling as summarized in Table 1.

From the above results, frequency-selective scheduling is effective in improving the BLER performance and reducing the number of repetitions. 
Proposal 1: Frequency-selective scheduling should be supported in order to improve the spectral efficiency.
Proposal 2: A mechanism for CSI measurement beyond the reduced UE BW of 1.4 MHz should be investigated in order to support frequency hopping and frequency-selective scheduling.
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Figure 2 BLER performance based on repetition, frequency hopping and frequency-selective 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)


[image: image3]
3. Discussion on Discontinuous Transmission
Discontinuous transmission achieves a time diversity effect and improves the spectral efficiency. On the other hand, it generates additional delay and also degrades the accuracy of cross-subframe channel estimation. Hence, during at least X subframes, the same PDSCH should be continuously transmitted. Therefore, in order to obtain a cross-subframe channel estimation gain, time diversity gain, and frequency hopping/scheduling gain, discontinuous transmission must be applied to X consecutive PDSCH subframes as shown in Fig. 3. Nevertheless, the discontinuous transmission gain may be limited since sufficient diversity gains have already been obtained through frequency hopping/scheduling. However, discontinuous transmission may have the following benefits.
· Flexible resource usage for normal LTE

· If discontinuous transmission is not applied, once data transmission/reception of LC-MTC with a large number of repetitions is initiated, resources become occupied for LC-MTC for a long time. However, by applying discontinuous transmission, normal LTE can use those resources.
· Flexible control for repetition [10]
· The repetitions can be discontinued when an ACK is reported to the transmitter in the middle of the repetition. By discontinuing the repetitions, the number of repetitions can be reduced and the spectral efficiency improved. If discontinuous transmission is applied, the repetitions can be easily discontinued.
Since discontinuous transmission would have the above benefits, it should be further discussed whether discontinuous transmission is needed and how discontinuous transmission should be fixed or configured.

Observation 1: Performance gains from discontinuous transmission may be limited in the presence of frequency hopping. Discontinuous transmission would be beneficial in providing flexible resource allocation for normal LTE UEs and in improving the spectral efficiency by discontinuing the repetitions.

[image: image4]
Figure 3 – Discontinuous transmission for PDSCH when applying cross-subframe channel estimation and frequency hopping/scheduling.
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Figure 4 – Discontinuing repetition for PDSCH

4. Conclusion
In this contribution, we discussed the effects of frequency-selective scheduling and discontinuous transmission on the physical downlink shared channel for LC-MTC. Below, we summarize our observation and proposals. 
Proposal 1: Frequency-selective scheduling should be supported in order to improve the spectral efficiency.

Proposal 2: A mechanism for CSI measurement beyond the reduced UE BW of 1.4 MHz should be investigated in order to support frequency hopping and frequency-selective scheduling.
Observation: Performance gains from discontinuous transmission may be limited in the presence of frequency hopping. Discontinuous transmission would be beneficial in providing flexible resource allocation for normal LTE UEs and in improving the spectral efficiency by discontinuing the repetitions.
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Annex

Table I – Simulation Conditions
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Figure I BLER performance of PDSCH based on repetition with the number of repetitions as a parameter
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Figure II BLER performance based on frequency hopping for PDSCH with the number of repetitions as a parameter
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Figure III BLER performance when applying the frequency scheduling to PDSCH with the number of repetitions as a parameter
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