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1 Introduction

This contribution discusses physical layer timing aspects for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1].
2 Timing relationships for DL data transmission
An example of cross-subframe scheduling for a coverage enhanced DL HARQ transmission is shown in Figure 1 (the figure is somewhat simplified since frequency hopping is not taken into account in the figure). RAN1 has agreed that cross-subframe scheduling will be used in enhanced coverage, where the physical downlink control channel and its associated data transmission are transmitted in different subframes.
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Figure 1: Example of coverage enhanced DL HARQ process in FDD
It has not yet been agreed whether LC UEs will support same-subframe scheduling in normal coverage or whether they will always be using cross-subframe scheduling. The possibility to choose between same-subframe and cross-subframe scheduling dynamically would provide scheduling flexibility to eNB and make it easier to support a bit higher data rates for half-duplex LC UEs in good coverage. Assuming there are no significant UE complexity concerns with supporting both same-subframe and cross-subframe scheduling in an LC UE, we would prefer to support both.
Proposals:

· Support both same-subframe (k=0) and cross-subframe (k>0) scheduling of PDSCH for LC UEs in good coverage, i.e. when no repetition is applied.
· RAN1 needs to decide whether the selection between same-subframe and cross-subframe scheduling for LC UEs in good coverage is dynamic (DCI) or semi-static (RRC).
In case of repetition, only cross-subframe scheduling will be supported. In this case, the repetition factors for M-PDCCH and PDSCH may be dynamic. If the M-PDCCH repetition factor is dynamic, the PDSCH starting subframe should be determined based on the assumption that the maximum available M-PDCCH repetition factor is used. This will help avoid confusion regarding the PDSCH starting subframe.

Proposals:
· In case of cross-subframe scheduling, PDSCH starting subframe starts k subframes after the end of the configured M-PDCCH decoding candidate with the largest number of repetitions.
· RAN1 needs to decide whether the start of the PDSCH can be (dynamically) scheduled in a different narrowband than the end of the M-PDCCH or if they are always transmitted in the same narrowband.
Similarly to legacy operation, the HARQ-ACK feedback on PUCCH can be transmitted 4 subframes after the PDSCH data transmission.
Proposal:

· In FDD, if PDSCH transmission ends in subframe n, the PUCCH carrying the corresponding HARQ-ACK starts in subframe n+4.
3 Timing relationships for UL data transmission

An example of a coverage enhanced UL HARQ transmission is shown in Figure 2 (the figure is somewhat simplified since frequency hopping is not taken into account in the figure).
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Figure 2: Example of coverage enhanced UL HARQ process in FDD
Similarly to legacy operation, the start of the PUSCH transmission can be transmitted 4 subframes after the end of the associated UL grant transmission on M-PDCCH, and the start of the corresponding HARQ-ACK on M-PDCCH can be transmitted 4 subframes after the end of the PUSCH transmission.
Proposals:

· In FDD, if the configured M-PDCCH decoding candidate with the largest number of repetitions for an UL grant ends in subframe n, the associated PUSCH data transmission starts in subframe n+4.
· In FDD, if the PUSCH transmission ends in subframe n, the M-PDCCH transmission carrying the HARQ-ACK starts in subframe n+4.
4 Repetitions

Repetition factors should in general be determined by the network so that the network can do proper trade-offs between coverage, resource usage, etc. for its served UEs.
Observations:

· The repetition factor for SIB1 can be signaled in MIB (unless it is derived implicitly).

· The repetition factors for other SIBx can be signaled in SIB1.

· The repetition factors for PRACH and RAR can be signaled in SIB2.

· The repetition factors for Msg3 and Msg4 can be signaled in RAR.

· The repetition factors (or repetition factor ranges) for unicast transmissions (using M-PDCCH, PDSCH, PUCCH, PUSCH) can be signaled in UE-specific RRC signaling.
Some subframes may not be available for repetition. In case it is known in advance to both UE and eNB that a subframe will not be available, it makes sense to postpone the repetition to the next available subframe rather than dropping it. 
Proposals:

· Postpone repetitions till the next available subframe in case of cell-common unavailable subframes, e.g. due to TDD UL/DL subframes, MBSFN subframes and PRS subframes.

· Drop repetitions in case of UE-specific unavailable subframes, e.g. due to measurement gaps.

Note that before receiving SIB1, the UE does not know the TDD configuration, and before receiving SIB2, the UE does not know the MBSFN configuration.

Proposals:

· FFS: When receiving SIB1, the UE should assume the worst case TDD configuration when determining which subframes are unavailable.

· FFS: When receiving SIB1 and SIB2, the UE should assume the worst case MBSFN configuration when determining which subframes are unavailable.
5 Conclusions

This contribution discusses physical layer timing aspects for LC/CE UEs.

Proposals on timing relationships for DL data transmission:
1. Support both same-subframe (k=0) and cross-subframe (k>0) scheduling of PDSCH for LC UEs in good coverage, i.e. when no repetition is applied.

2. RAN1 needs to decide whether the selection between same-subframe and cross-subframe scheduling for LC UEs in good coverage is dynamic (DCI) or semi-static (RRC).

3. In case of cross-subframe scheduling, PDSCH starting subframe starts k subframes after the end of the configured M-PDCCH decoding candidate with the largest number of repetitions.

4. RAN1 needs to decide whether the start of the PDSCH can be (dynamically) scheduled in a different narrowband than the end of the M-PDCCH or if they are always transmitted in the same narrowband.

5. In FDD, if PDSCH transmission ends in subframe n, the PUCCH carrying the corresponding HARQ-ACK starts in subframe n+4.

Proposals on timing relationships for UL data transmission:

6. In FDD, if the configured M-PDCCH decoding candidate with the largest number of repetitions for an UL grant ends in subframe n, the associated PUSCH data transmission starts in subframe n+4.

7. In FDD, if the PUSCH transmission ends in subframe n, the M-PDCCH transmission carrying the HARQ-ACK starts in subframe n+4.
Proposals on subframes unavailable for repetition:

8. Postpone repetitions till the next available subframe in case of cell-common unavailable subframes, e.g. due to TDD UL/DL subframes, MBSFN subframes and PRS subframes.

9. Drop repetitions in case of UE-specific unavailable subframes, e.g. due to measurement gaps.

10. FFS: When receiving SIB1, the UE should assume the worst case TDD configuration when determining which subframes are unavailable.

11. FFS: When receiving SIB1 and SIB2, the UE should assume the worst case MBSFN configuration when determining which subframes are unavailable.
Observations:

1. The repetition factor for SIB1 can be signaled in MIB (unless it is derived implicitly).
2. The repetition factors for other SIBx can be signaled in SIB1.

3. The repetition factors for PRACH and RAR can be signaled in SIB2.

4. The repetition factors for Msg3 and Msg4 can be signaled in RAR.

5. The repetition factors (or repetition factor ranges) for unicast transmissions (using M-PDCCH, PDSCH, PUCCH, PUSCH) can be signaled in UE-specific RRC signaling.
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