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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type;
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
With respect to the coverage enhancement for PDSCH and PUSCH, the following agreements were made at the RAN1 #75 meeting [2]:
· For UEs in enhanced coverage mode for MTC
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.
· For UEs in enhanced coverage mode for MTC

· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.
In addition, the following agreements on HARQ support for coverage enhancement were made at the RAN1 #75 meeting [2]:
· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH

· FFS on the number of HARQ processes

In this contribution, we share our views on the potential enhancements to data channel for MTC devices with reduced bandwidth and enhanced coverage in LTE systems.  
2 Discussion on Enhancement for Reduced Bandwidth
At the RAN1 #78bis meeting [3], reduced UE bandwidth of 1.4 MHz in both downlink and uplink was agreed as the most important UE complexity reduction technique for Rel-13.Figure 1 illustrates the link level performance for PUSCH and PDSCH for various payload sizes. The simulation model and parameters are summarized in the Appendix. In the simulation, it is assumed all available MTC resources after the legacy control region with CFI = 2 are allocated for the PDSCH transmission. From the figure, it can be observed that ~9.0dB SNR is needed to achieve 10% initial BLER for PDSCH with 1000 bits and 6 PRBs. For PUSCH transmission, ~5.0dB SNR is needed to achieve 10% initial BLER with 136 bits and 1 PRB. 
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Figure 1. Link level simulation results for PUSCH and PDSCH
Observation 1

· ~9.0dB SNR is needed to achieve 10% initial BLER for PDSCH with 1000 bits and 6 PRBs.
· ~5.0dB SNR is needed to achieve 10% initial BLER for PUSCH with 136 bits and 1 PRB.
3 Discussion on Coverage Enhancement for PDSCH/PUSCH

HARQ timing  

As described in our companion contribution [4], the agreements and working assumptions in Rel-12 can be applicable for the enhancement on control channel for unicast transmission. In particular, cross subframe scheduling can be supported for MTC UEs in enhanced coverage mode in order to reduce the buffer size, and thereby leading to reduced implementation cost. 
Regarding the timing relationship between (E)PDCCH and PDSCH, one straightforward approach is to specify a fixed gap between the last (E)PDCCH repetition and the start of PDSCH transmission. As agreed in the RAN1 #75 meeting [2], “Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)”. Note that to minimize the scheduling delay, it would be desirable to specify k = 1 for MTC UEs in enhanced coverage mode. When PDSCH transmission is scheduled by PDCCH, ~1ms processing time would be sufficient for combining multiple PDCCH transmissions and PDCCH decoding. Furthermore, when PDSCH transmission is scheduled by EPDCCH, MTE UEs in enhanced coverage mode may store several PDSCH OFDM symbols to allow more processing time for EPDCCH. 

Similar design can be considered with respect to the timing relationship between (E)PDCCH and PUSCH: specifying k = 4 for FDD system. This would allow sufficient processing time for (E)PDCCH decoding when taking into account small amount of data transmitted on PUSCH. 

Proposal 1
· Cross-subframe scheduling should be supported for MTC UEs in enhanced coverage mode. 

· It is desirable to specify k = 1 for the timing relationship between (E)PDCCH and PDSCH, and k = 4 for FDD system for the timing relationship between (E)PDCCH and PUSCH.

When repetition is applied for data and control physical channels, careful consideration is needed with regard to the PDCCH scheduling. As HARQ operation is supported for both DL and UL transmission, potential issues may arise when multiple PDSCH transmissions are scheduled for a MTC UE in enhanced coverage mode during the transmission of bundled PDCCH and PDSCH. In this case, multiple PUCCH transmissions for ACK/NACK feedbacks corresponding to different PDSCHs may overlap in the same subframe. Figure 2 illustrates the potential PUCCH overlaps when multiple PDSCH transmissions are scheduled. This would not be desirable due to Cubic Metric (CM) increase, which would be critical for low cost MTC devices especially in the enhanced coverage mode with link budget limit. To address this issue, one potential solution is to prohibit the eNB from scheduling multiple PDCCHs for a MTC UE in enhanced coverage mode during the transmission of bundled PDCCH and PDSCH. Similarly, for UL transmission, next PUSCH opportunity should be defined after the transmission of repeated PUSCH to avoid the simultaneous transmission of multiple PUSCHs in one subframe. 
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Figure 2. Potential PUCCH overlapping for multiple PDCCH scheduling

Proposal 2:

· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for single MTC UE in the enhanced coverage mode.

Potential techniques for coverage enhancement
As stated in the WID [1], several potential techniques can be considered to improve the coverage for MTC UEs in enhanced coverage mode. The detailed analysis is presented as follows:

· Uplink PSD boosting with smaller granularity than 1 PRB: While this option can help to improve the uplink link budget with PSD boosting, specification impact on the current uplink scheduling may be non-trivial. Specifically, additional bit fields for subcarrier or subcarrier block based resource allocation may need to be specified in the DCI format for UL grant. Moreover, certain design changes are needed to define proper frequency hopping mechanism for uplink transmissions with bandwidth less than 1 PRB. Modifications to PUSCH DM-RS may also be necessary for accurate channel estimation for demodulation of UL transmissions spanning less than 1 PRB bandwidth.  
· Increased reference symbol density: For coverage limited scenario, channel estimation is typically a bottleneck in term of link level performance. When increasing the reference symbol density, channel estimation performance can be improved substantially at the cost of higher coding rate. This indicates that design effort is needed to achieve an appropriate tradeoff between the channel estimation gain and coding loss. It is also worth mentioning that when frequency hopping is disabled, cross-subframe channel estimation may be employed to improve the link budget for MTC UEs in enhanced coverage mode.    
Based on the discussion above, the design for coverage enhancement on data channel needs to carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.  

Proposal 3
· The design for coverage enhancement on data channel needs to be carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.  

4 Conclusions

In this contribution, we provided our views on the enhancement of data channel for MTC device with reduced bandwidth and enhanced coverage in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

· ~9.0dB SNR is needed to achieve 10% initial BLER for PDSCH with 1000 bits and 6 PRBs.
· ~5.0dB SNR is needed to achieve 10% initial BLER for PUSCH with 136 bits and 1 PRB.
Proposal 1

· Cross-subframe scheduling should be supported for MTC UEs in enhanced coverage mode. 

· It is desirable to specify k = 1 for the timing relationship between (E)PDCCH and PDSCH, and k = 4 for FDD system for the timing relationship between (E)PDCCH and PUSCH.

Proposal 2

· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for single MTC UE in the enhanced coverage mode.

Proposal 3

· The design for coverage enhancement on data channel needs to be carefully studied to strike a proper balance between specification impact, link budget improvement and implementation cost.  
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Appendix: Simulation Assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	Antenna Configuration
	2x1 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100Hz

	CFI
	2
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