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1 Introduction

In RAN1#82, DL/UL timing relationships for low cost MTC UEs in enhanced coverage were discussed and then the following agreements were made [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

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
According to M-PDCCH-to-PDSCH HARQ timing, PDSCH transmission can start on subframe n+k if subframe n is a subframe with the last M-PDCCH where k is larger than 0. Depending on reply LS from RAN4 [2], k should be set as 2 for M-PDCCH-to-PDSCH HARQ timing taking into account M-PDCCH decoding processing time as well as the maximum retuning time between narrowband regions. 
Proposal 1: PDSCH should start in subframe n+2 if subframe n is a subframe with the last M-PDCCH for Rel-13 low cost UEs with enhanced coverage operation.
After a UE receives the repetitions of a PDSCH transmission, the UE transmits HARQ-ACK information in a PUCCH. For PDSCH-to-HARQ-ACK timing in FDD, if PDSCH repetitions are completed on subframe n, PUCCH transmission can start on subframe n+4 as in DL HARQ timing for legacy FDD. There is no need to increase this latency as a switching delay for a HD-FDD UE can be absorbed in the 4 subframes and as the data TB size is at most ~1000 bits and therefore it is easily decodable. Therefore, considering at least Rel-13 low cost UE processing complexity, the legacy PDSCH-to-HARQ-ACK timing can be maintained. 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
For TDD, if PDSCH repetitions are completed on subframe n, a UE can start a PUCCH transmission conveying respective HARQ-ACK information on UL subframe n+k depending on the DL-reference UL/DL configuration of the TDD cell 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
As another alternative for TDD, taking into account the number of DL processes for Rel-13 low cost UEs in enhanced coverage can be assumed to be 1 and the same HARQ-ACK information is transmitted on every UL subframe for PUCCH repetitions, PUCCH transmission can start on the earliest UL subframe after n+4 subframes if PDSCH repetitions are completed on subframe n.

Proposal 2: Rel-13 low cost UEs can re-use the legacy DL HARQ timing for enhanced coverage operation.
3 UL HARQ timing
For UL grant-to-PUSCH timing in FDD, if the UL grant repetitions are completed on subframe n, PUSCH transmission can start on subframe n+4 as in UL HARQ timing for legacy FDD. For HD-FDD UEs, the switching delay can be absorbed in the 4 additional subframes. Moreover, as the maximum data TB size is ~1000 bits, the burden on the UE transmitter circuitry (e.g. convolutional or turbo encoder) is small. 

For PUSCH-to-UL grant timing in FDD, the same timing rule as for legacy operation, i.e. the n+4 timing rule, can apply for UL grant repetitions if PUSCH repetitions are completed on subframe n as there is no issue with the eNB receiver complexity. Figure 3 shows an example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in FDD. Therefore, at least for Rel-13 low cost UE processing complexity considerations, legacy UL HARQ timing can be reused.
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Figure 3: An example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in FDD

For UL grant-to-PUSCH timing in TDD, some issues may exist when applying legacy TDD UL HARQ timing for Rel-13 low cost UEs operating in enhanced coverage. If an UL grant repetition is transmitted on every DL subframe, a legacy UL HARQ timing relative to a DL subframe with the last UL grant transmission may not 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 solve this issue. One option is to introduce new UL grant-to-PUSCH timing for TDD. That is, PUSCH repetition can start on the earliest UL subframe after n+4 subframes if the last UL grant is sent on subframe n. Another option is to use legacy UL grant-to-PUSCH timing as much as possible. Then, PUSCH repetition can start on a UL subframe based on the legacy UL HARQ timing defined in the earliest DL subframe after the last subframe for UL grant repetition. As another way to use legacy UL HARQ timing, the network can configure the number of repetitions for an M-PDCCH transmission so that the last repetition is on a subframe where legacy UL grant-to-PUSCH timing exists.
For PUSCH-to-HARQ-ACK timing in TDD, UL grant for a retransmission can be transmitted on DL subframe n+k depending on the UL-reference UL/DL configuration of the TDD cell 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 can be assumed to be 1 and the same UL grant is repeated on every DL subframe, UL grant transmission can start on the earliest DL subframe after n+4 subframes if PUSCH repetitions are completed on subframe n. Two alternatives for PUSCH-to-HARQ-ACK timing in TDD can be considered depending on the determination of the starting subframe for M-PDCCH repetitions.

Proposal 3: Rel-13 low cost UEs can re-use the legacy UL HARQ timing for FDD. For TDD and enhanced coverage operation, the legacy UL HARQ timing can be also considered as much as possible.
4 Conclusions 

This contribution considered DL/UL HARQ timing issues for Rel-13 low cost UEs with enhanced coverage operation and proposes the followings:
Proposal 1: PDSCH should start in subframe n+2 if subframe n is a subframe with the last M-PDCCH for Rel-13 low cost UEs with enhanced coverage operation.
Proposal 2: Rel-13 low cost UEs can re-use the legacy DL HARQ timing for enhanced coverage operation.
Proposal 3: Rel-13 low cost UEs can re-use the legacy UL HARQ timing for FDD. For TDD and enhanced coverage operation, the legacy UL HARQ timing can be also considered as much as possible.
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