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1 Introduction

Except for common message transmission including SIB/RAR/Paging carried on PDSCH, there has not been much discussion on data channel transmission for the R13 MTC UEs in a general level in the RAN1#79 meeting. The following agreements for unicast data transmission were made respectively in RAN1#75 and the last meeting:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· 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)

· 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.

· HARQ in UL and DL is supported in coverage enhanced mode 

· FFS on the details of HARQ realization for PUSCH
and

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage. 
We would like to provide our view on data channel transmission for MTC UEs in CE in this contribution. Note for simplicity, we would use (E)PDCCH for MTC control channel of which the design is agreed to be based on EPDCCH.
2 Unicast transmission for R13 MTC UEs in CE
Repetition has been identified since R12 MTC as the main technology for improving coverage. To cover various channel environments UE experience, multiple levels for enhancing coverage are desired for UEs even in the same serving cell. In addition, HARQ functionality should be supported in R13 MTC operation. As an initial step forward, we should have the following agreed:
Proposal 1: Confirm that for R13 MTC UEs in enhanced coverage mode,

· Repetition of PDSCH/PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· HARQ in UL and DL is supported.
The repetition technology for CE may affect HARQ functionality on timing relationship of scheduling and UL/DL feedback and TTI bundling operation. 
2.1 Timing issues

The following timing relationships are firstly analyzed.
· Starting of scheduled PDSCH subframe

It was agreed in R12 MTC that the assigned PDSCH is transmitted k (k>0) subframes later than the end of (E)PDCCH and in the last meeting that cross-subframe scheduling for R13 MTC UEs in CE is supported. It was also agreed in R12 MTC that the timing relationship shall not be configurable by higher layer parameter dedicated only for the notification purpose and shall not be indicated by (E)PDCCH. And there’s no critical issue identified for this to be inapplicable in R13 MTC. Meanwhile in R13 MTC with objectives of low complexity and low power consumption, UE implementation without additional procedure of decoding notification message is more preferred than it was in R12. Since UE knows the initial subframe of (E)PDCCH repetitions and the amount of repetitions which can be HL signaled or blindly detected, to start PDSCH decoding simply by applying a fixed value of k is straightforward 
The exact value of k is preferred no less than 1 taking the decoding time of (E)PDCCH and retuning time (if UE has a narrow RF bandwidth) into account. For the case of EPDCCH when system bandwidth is larger than 1.4 MHz, of which the resource could be assigned to the end symbol of the corresponding subframe in a narrowband, the indicated PDSCH in possibly another narrowband is expected to start from the location of k=2 subframes later.

Proposal 2: Fix the timing offset between the end subframe of (E)PDCCH repetition and the starting subframe of PDSCH to a single value by specification, e.g. k=2 for EPDCCH.
· Starting of scheduled PUSCH subframe

To send PUSCH, the control information carried on (E)PDCCH needs to be transmitted from eNB and received, then decoded at UE. The time gap is set to 4 ms considering the transmission and decoding time in current FDD LTE system. Hence even in the CE scenario, a gap at least no less than 4 should be maintained. And it would not seem to obviously increase the time of decoding for a UE with much repetition. 
Proposal 3: Maintain the timing between the end subframe of (E)PDCCH repetition and the starting subframe of PUSCH to 4.
· Starting of UL/DL feedback

When design the feedback procedure, similar reason is taken into account for timing. The most time is used on UL/DL transmission through wireless channel and decoding at eNB or UE. To avoid more collisions of PDSCH transmission between legacy UEs without CE and MTC UEs with CE and scheduling complexity, we propose to reuse the same gap between the end of PDSCH repetition and corresponding PUCCH. Thus, if the final PDSCH repetition is in subframe n’, the corresponding HARQ-ACK is expected to be sent in subframe n’+4. For DL feedback of PUSCH for MTC UEs in CE, whether the realization is based on (E)PHICH or (E)PDCCH, by which it may not need ACK/NACK message, has not been determined. However the gap by 4 ms from eNB side should be sufficient if a dedicated feedback message is identified to be necessary. Therefore,
Proposal 4: Maintain the time gap by 4 ms between the last repetition subframe of physical data channel and the first reception subframe of corresponding feedback.
2.2 TTI bundling operation/Repetition
TTI bundling was introduced for delay sensitive service, e.g. VoIP for cell edge UEs, and repetition is considered because of the delay tolerant property of MTC application. Even if the motivation difference may be becoming less important as repetition times are expected to be optimized as much as possible in R13 MTC for power consumption purpose, it still needs to note the technical difference. One is that TTI bundling operation is now only applied to UL HARQ while repetition in R13 MTC would be a technology for both UL and DL transmission. Also in [1], it is explained that other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same or different RV multiple times.  Therefore from standard perspective, it is beneficial to clarify that repetition in R13 MTC is not a larger TTI bundle, and for repetition whether to select the same RV which could use more systematic bits or different RVs needs standardization. 
3 Conclusion
The timing relationships of HARQ operation for data channel transmission are analyzed in this contribution. We propose
Proposal 1: Confirm that for R13 MTC UEs in enhanced coverage mode,

· Repetition of PDSCH/PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
· HARQ in UL and DL is supported.

Proposal 2: Fix the timing offset between the end subframe of (E)PDCCH repetition and the starting subframe of PDSCH to a single value by specification, e.g. k=2 for EPDCCH.
Proposal 3: Maintain the timing between the end subframe of (E)PDCCH repetition and the starting subframe of PUSCH to 4.
Proposal 4: Maintain the time gap by 4 ms between the last repetition subframe of physical data channel and the first reception subframe of corresponding feedback.
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