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1 Introduction

In RAN1#82, DL/UL timing relationships for low cost MTC UEs in enhanced coverage were discussed and the following were agreed [1]:
Agreement:

· Timing relationships between M-PDCCH and PDSCH

· In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements

· Timing relationships between M-PDCCH and PUSCH

· In FDD and HD-FDD, the PUSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends

· FFS the value of k
· Timing relationships between PDSCH and PUCCH

· In FDD and HD-FDD, if PDSCH transmission ends in subframe n as indicated by the corresponding M-PDCCH, PUCCH carrying HARQ-ACK starts in subframe n+k

· FFS:  the value of k

· FFS: how to determine when PDSCH transmission ends for message 4

In RAN1#82b, the following was agreed [2]:
Agreement:
· For DL cross-subframe scheduling Case 1 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level

· FFS whether there is impact of UL scheduling for HD-FDD and if so, how, etc.

This contribution discusses remaining DL/UL HARQ timing issues in order to support low cost MTC UEs in enhanced coverage for both FDD and TDD.
2 DL HARQ timing
PDSCH starts from the second valid subframe after the end of the corresponding M-PDCCH transmission regardless of repetition. For PDSCH-to-HARQ-ACK timing in FDD, if PDSCH repetitions are completed on subframe n, PUCCH transmission can start on the first valid UL subframe after subframe n+k (k≥4). If the subframe n+4 is a valid subframe, there is no need to increase this latency as a retuning delay for a HD-FDD UE can be absorbed in the 4 subframes. Therefore, considering at least Rel-13 low cost UE processing complexity, PDSCH-to-HARQ-ACK timing can follow the legacy one in case the subframe n+4 is a valid subframe. Otherwise, HARQ-ACK transmission can be relaxed until the earliest valid subframe after subframe n+4.  Figure 1 shows an example of PDSCH-to-HARQ-ACK timing in FDD.
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Figure 1: An example of PDSCH-to-HARQ-ACK timing in FDD

Proposal 1: For FDD, if PDSCH repetitions complete on subframe n, corresponding HARQ-ACK transmission on PUCCH can start on the first valid UL subframe n+k (k≥4).
For TDD, if PDSCH repetitions complete on subframe n, a UE can start a PUCCH transmission conveying respective HARQ-ACK information on the first valid UL subframe after n+k subframes depending on the DL-reference UL/DL configuration as in DL HARQ timing for legacy TDD. Figure 2 shows an example of PDSCH-to-HARQ-ACK timing in a TDD cell with TDD UL/DL configuration #4.
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Figure 2: An example of PDSCH-to-HARQ-ACK timing in TDD

Another alternative for TDD, taking into account that the number of DL processes for Rel-13 low cost UEs in enhanced coverage is 2 and that the same HARQ-ACK information is transmitted on every UL subframe for PUCCH repetitions, is that PUCCH transmission can start on the first valid UL subframe after n+4 subframes if PDSCH repetitions complete on subframe n. The first alternative is preferred since it simplifies eNB scheduling considering that a single HARQ timing is applied for scheduling both legacy UEs and Rel-13 low cost UEs in a subframe. 
Proposal 2: For TDD, if PDSCH repetitions complete on subframe n, PUCCH transmission can start on the first valid UL subframe from a UL subframe n+k depending on the DL-reference UL/DL configuration.
3 UL HARQ timing
For the UL grant-to-PUSCH timing in FDD, if the UL grant repetitions complete on subframe n, PUSCH transmission can start on the first valid UL subframe after subframe n+k (k≥4). For HD-FDD UEs, if the subframe n+4 is a valid subframe, the retuning delay can be absorbed in the 4 additional subframes. 

For PUSCH-to-UL grant timing in FDD, if PUSCH repetitions complete on subframe n, UL grant repetitions can start on the first valid subframe n+k (k≥4). If the subframe n+4 is a valid subframe, there is no need to increase this latency. Otherwise, UL grant transmission can be relaxed until the earliest valid subframe. Figure 3 shows an example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in FDD. 
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Figure 3: An example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in FDD

Proposal 3: For FDD, if UL grant repetitions complete on subframe n, PUSCH transmission starts on the first valid UL subframe n+k (k≥4). If PUSCH repetitions complete on subframe n, UL grant repetition starts on the first valid DL subframe n+k (k≥4).
For UL grant-to-PUSCH timing in TDD, legacy UL HARQ timing with respect to the last subframe of the UL grant repetition may not always exist. Figure 4 shows an example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in TDD.
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Figure 4: An example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in TDD

Several options can be considered to determine UL grant-to-PUSCH timing in TDD when legacy timing is not defined relative to the last subframe of UL grant repetitions. A first option is to introduce new UL grant-to-PUSCH timing for TDD where the first PUSCH repetition is on the first valid UL subframe after subframe n+4 if the last UL grant repetition is on subframe n. A second option is to use legacy UL grant-to-PUSCH timing when possible where the first PUSCH repetition is on a valid UL subframe based on the legacy UL HARQ timing defined by the first DL subframe after the subframe for the last UL grant repetition. 
For PUSCH-to-HARQ-ACK timing in TDD, UL grant for a retransmission can be transmitted on the first valid DL subframe n+k depending on the UL-reference UL/DL configuration as in UL HARQ timing for legacy TDD as shown in Figure 4. Similar to the above discussion about PDSCH-to-HARQ-ACK timing for TDD, as another alternative taking into account that the number of UL processes for Rel-13 low cost UEs in enhanced coverage is 2, UL grant transmission can start on the first valid DL subframe after subframe n+4 if PUSCH repetitions complete on subframe n. The first alternative is preferred since it follows the legacy HARQ timing and simplifies eNB scheduler considering that a single HARQ timing is applied for scheduling both legacy UEs and Rel-13 low cost UEs in a subframe.
Proposal 4: For TDD, if UL grant repetitions complete on subframe n, PUSCH repetition starts on the first valid UL subframe based on the legacy UL HARQ timing defined by the first DL subframe after the last subframe for UL grant repetitions. If PUSCH repetitions complete on subframe n, UL grant repetition starts on the first valid DL subframe n+k depending on the UL-reference UL/DL configuration of the TDD cell.
4 Conclusions 

This contribution considered DL/UL HARQ timing issues for Rel-13 low cost UEs with enhanced coverage operation and proposes the following:
Proposal 1: For FDD, if PDSCH repetitions complete on subframe n, corresponding HARQ-ACK transmission on PUCCH can start on the first valid UL subframe n+k (k≥4).
Proposal 2: For TDD, if PDSCH repetitions complete on subframe n, PUCCH transmission can start on the first valid UL subframe from a UL subframe n+k depending on the DL-reference UL/DL configuration.
Proposal 3: For FDD, if UL grant repetitions complete on subframe n, PUSCH transmission starts on the first valid UL subframe n+k (k≥4). If PUSCH repetitions complete on subframe n, UL grant repetition starts on the first valid DL subframe n+k (k≥4).
Proposal 4: For TDD, if UL grant repetitions complete on subframe n, PUSCH repetition starts on the first valid UL subframe based on the legacy UL HARQ timing defined by the first DL subframe after the last subframe for UL grant repetitions. If PUSCH repetitions complete on subframe n, UL grant repetition starts on the first valid DL subframe n+k depending on the UL-reference UL/DL configuration of the TDD cell.
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