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1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. Repetition was identified as a main coverage improvement technique for MTC UEs requiring coverage improvement. In this contribution, we discuss the timing relationship between (E)PDCCH and PDSCH for UEs in enhanced coverage mode. 

2. Discussion
Currently, (E)PDCCH and its scheduled PDSCH are transmitted in the same subframe except for semi-persistent scheduling. When repetition is applied to both (E)PDCCH and PDSCH, the timing relationship between (E)PDCCH and PDSCH needs to be defined. There are basically two alternatives illustrated in Figure 1.

· Alternative 1: (E)PDCCH and its scheduled PDSCH start from the same subframe; 

· Alternative 2: PDSCH starts k subframes later than the end of (E)PDCCH transmission, where k≥0.
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Figure 1: Timing relationship candidate solutions
Following we analyze the impact on UE Bill of Material cost of the two alternatives. The main difference is whether UE knows DCI when the UE process PDSCH.
The UE baseband receiving processing flow can be illustrated as the following block diagram in Figure 2.
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Figure 2: UE receiver flow
For alternative 1, UE does not know DCI when receiving (E)PDCCH and PDSCH. 
If CRS based precoding may be adopted for PDSCH for UEs in enhanced coverage mode, PMI conveyed in DCI is necessary for equalization which is unknown when processing PDSCH. In order to achieve non-coherent combining gain, the post-FFT data buffer size needs to be increased linearly to the number of repetition. 

Otherwise, if CRS based precoding will not be adopted for PDSCH, it is feasible for the UE to do the channel estimation and equalization for the entire bandwidth in each subframe. The UE can combine and store the data after equalization across subframes so that only a buffer which can accommodate data after equalizaion in a subframe is needed. This additional buffer size is expected to the the same as post-FFT data buffering which accounts 6-9% total UE cost.
For alternative 2, HARQ combining is feasible since UE has already known DCI when receiving PDSCH. Hence, no additional UE buffer is needed.
Observation: In enhanced coverage mode, if (E)PDCCH and its scheduled PDSCH start from the same subframe, additional UE buffer is required which will increase the UE BOM cost. 

Alternative 2 is proposed in order not to increase UE cost.
Proposal: For UEs in enhanced coverage mode, it is proposed that PDSCH starts k subframes later than the end of (E)PDCCH transmission, where k≥0.
The value of k is FFS depending on how fast UE can decode (E)PDCCH.
3. Conclusion
We propose that PDSCH starts k subframes later than the end of (E)PDCCH transmission, where k≥0 for UEs in enhanced coverage mode. The value of k is FFS depending on how fast UE can decode (E)PDCCH.
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