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1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. The work item covers three aspects: 
· 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 supporting the following additional capabilities:

· Reduced UE RF bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs should be supported.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced transport block size for unicast and/or broadcast signaling.

· Reduced support for simultaneous reception of multiple transmissions.

· Restricted downlink modulation scheme.

· Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line).

· Reduced support for CQI/CSI reporting modes.

· Provide 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 following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH, PHICH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, EPDCCH)

· Either elimination or repetition techniques for PUCCH

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· Separately encoded physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs should be considered.

· Increased reference symbol density and frequency hopping techniques can be considered.

· Relaxed requirements for “probability of missed detection” for PRACH and for initial UE system acquisition time for PSS/SSS/PBCH/SIBs.

· The amount of coverage enhancement should be configurable per cell and/or per UE.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One acceptable approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signaling (e.g. EPDCCH) and higher layer control signaling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage.

· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time to a minimum.

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signaling, system information acquisition, etc., can be considered if this can achieve significant power consumption reduction.

· Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD.

In this contribution, we provide our view on the physical data channels and control channels for MTC. 

2. Physical Data Channels and Control Channels
The following aspects are considered for physical data and control channels:
· Narrowband operation: 

· Both PDSCH and PUSCH have to be narrowband within 6 RBs. 
· The location of the narrowband can be indicated by the network with retuning from the center 6 RBs. 
· Half duplex operation: 

· Half duplex operation should be supported, such that no simultaneous DL and UL channels.
· This allows more efficient RF implementations, e.g. on chip PA and elimination of duplexer. 

· Support TTI bundling for both DL and UL for coverage enhancements:

· The bundle size can be determined based on the link budget improvement needs

· One example of bundled transmissions for PUSCH is shown in Figure 1. 

· Support enhanced persistent scheduling:

· For applications with fixed payload, persistent scheduling can be configured at the start of the communications. 

· Support new control channel MPDCCH, which is similar to EPDCCH but more optimized for MTC applications. 

· For UEs in TTI bundled mode, support cross subframe scheduling. Bundled PDSCH can start after the bundled MPDCCH. 

3. Control Channel Design

For MTC, we propose to use control channel based on EPDCCH design. In this section, we present link simulation results. 

The EPDCCH consists of 16 ECCEs (aggregation level 16) transmitted on 4 RBs of a 6 RB bandwidth. Two precoders (using AP 107 and AP 109) are used for EPDCCH transmission. The transmission is repeated across multiple subframes (32 consecutive subframes).  A UE combines multiple subframes for decoding and stops decoding as soon as the decoding is successful. 
Two channel estimation schemes were simulated. In the first scheme, the precoders were randomly selected across RBs and subframes. Channel estimations are based on DM-RSs on AP 107 and AP 109 (no bundling). In the second design (preferred), a fixed pair of orthogonal precoders are used for all RBs during the transmission, allowing for bundled channel estimation across all RBs of the current subframe, as well as the previous one if present (a total of 12x4x2=96 DM-RS symbols per channel estimation). 
These results show a clear advantage of using fixed precoding to allow cross subframe averaging when performing channel estimation. Note that the current link analysis assumes the same DMRS tone density as regular ePDCCH. At low SNR region, where large bundling sizes are needed, there is additional gain when introduce additional DMRS tones. Further study is needed to identify potential enhancements of reference signal design for MTC control channels based on ePDCCH.  


4. Summary
In this contribution we presented our views on the techniques for physical data and control channels. We make the following proposals:

Proposal 1:


Support following functionalities for data communications: narrowband operation, half duplex operation, extended TTI bundling, enhanced persistent scheduling, and new MPDCCH with cross subframe scheduling. 
Proposal 2:

MTC control channel (MPDCCH) is based on ePDCCH with potential enhancements on reference signal and precoding design. 
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