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1 Introduction
Timing relationship between M-PDCCH and PDSCH was agreed in RAN1#83. In this contribution, we discuss the remaining issues on HARQ timing for Rel-13 MTC UEs.
2 Discussion
2.1 Timing relationship between PDSCH and PUCCH
For Rel-13 low complexity UEs, it is straightforward that the timing relationship between the end of PDSCH and the start of the corresponding PUCCH follows the existing timing relationship between PDSCH and PUCCH as in Rel-12. For HD-FDD, the timing relationship is discussed in section 2.4. 
Proposal 1: At least for FD-FDD and TDD, the timing relationship between the end of PDSCH and the start of the corresponding PUCCH follows the existing timing relationship between PDSCH and PUCCH as in Rel-12.
2.2 Timing relationship between M-PDCCH and PUSCH
For FD-FDD, the timing relationship between the end of M-PDCCH and the start of PUSCH can simply follow the existing timing relationship between (E)PDCCH and PUSCH. 
Since the time offset between M-PDCCH and PUSCH is fixed, subframe n+4 cannot be scheduled for PUSCH in case subframe n is an invalid subframe for downlink transmission as illustrated in Figure 1.
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Figure 1: Uplink scheduling illustration
To resolve the problem, subframe n+4 can be scheduled by subframe n-1 if it is a valid subframe. In this case, two UL grants can be transmitted in the same downlink subframe. In order to distinguish them, an indication is needed in DCI field similar as UL index in TDD. However, if there are two or more consecutive invalid downlink subframes, there can be more than two UL grants in the same DL subframe. It is FFS whether to optimize the PUSCH scheduling due to invalid DL subframe(s).
For TDD, as analyzed in [1], only a subset of the downlink subframes are allowed to send UL grant when there are more DL subframes than UL subframes. This is not a problem in case M-PDCCH is not repeated. However, if M-PDCCH is repeated, the end of M-PDCCH may be in a subframe in which the timing relationship between UL grant and PUSCH is not currently defined.
To resolve the issue, the simplest solution is that when M-PDCCH ends in subframe n in which the timing relationship between UL grant the PUSCH is not defined in Rel-12, PUSCH starts in the first valid subframe >= n+4 as illustrated in Figure 2. 
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Figure 2: Timing relationship between M-PDCCH and PUSCH in case M-PDCCH ends in subframe n in which the timing relationship between UL grant the PUSCH is not defined in Rel-12
Proposal 2: In case M-PDCCH ends in subframe n in which the timing relationship between UL grant the PUSCH is not defined in Rel-12, PUSCH starts in the first valid subframe after subframe n+3. Otherwise, the timing relationship between the end of M-PDCCH and the start of the PUSCH follows the existing timing relationship between (E)PDCCH and PUSCH as in Rel-12.
2.3 Timing relationship between PUSCH and HARQ-ACK

It has been agreed that PUSCH HARQ feedback is realized using M-PDCCH. In case M-PDCCH is not repeated, the timing relationship between PUSCH and HARQ-ACK can follow the existing timing relationship between PUSCH and PHICH. Furthermore, if the subframe for HARQ-ACK is invalid, the HARQ-ACK postpones to the next valid subframe.

Proposal 3: In case M-PDCCH is not repeated, the timing relationship between PUSCH and HARQ-ACK can follow the existing timing relationship between PUSCH and PHICH.

In case M-PDCCH is repeated, it was agreed that a starting subframe of an M-PDCCH UE-specific search space is configured. It is proposed that HARQ-ACK for PUSCH starts in the first configured starting subframe of an M-PDCCH search space after subframe n+3. 
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Proposal 4: In case M-PDCCH is repeated, HARQ-ACK for PUSCH starts in the first configured starting subframe of an M-PDCCH search space after subframe n+3.
2.4 Timing relationship for HD-FDD

Regarding the timing relationship between M-PDCCH and PDSCH, there is one FFS point as below.
· 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.

As the invalid downlink subframes include uplink subframes and guard subframes which are dynamic depending on eNB scheduling, eNB and UE may have different understandings on timing if some downlink grant(s) is missed by UE. An example is shown in Figure 3 where Downlink Grant 3 is not correctly detected by UE. Consequently, eNB and UE have different understandings on starting time of D4 and D5. 
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Figure 3: Example of misalignment on timing for HD-FDD
In order to avoid potential misalignment of HARQ timing, there are basically two approaches. One approach is that eNB guarantee no uplink subframe and/or guard subframe between M-PDCCH and associated PDSCH as shown in Figure 4. Consequently, the downlink data rate is compromised as some of the downlink subframes cannot be scheduled. 
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Figure 4: DL HARQ timing for HD-FDD
An alternative approach is that the UL and DL subframes are predefined. An example is shown in Figure 5 where there are 6 DL subframes including two guard subframes and 4 UL subframes. Note that in this case, the HARQ timing is different from legacy timing.
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In order to further improve downlink data rate, ACK/NACK bundling/multiplexing [2] can be further considered.
Proposal 5: Consider downlink data rate improvement for HD-FDD.
3 Conclusions
In this contribution, we discuss the remaining issues on HARQ timing for Rel-13 MTC UEs with the following proposals.
Proposal 1: At least for FD-FDD and TDD, the timing relationship between the end of PDSCH and the start of the corresponding PUCCH follows the existing timing relationship between PDSCH and PUCCH as in Rel-12.
Proposal 2: In case M-PDCCH ends in subframe n in which the timing relationship between UL grant the PUSCH is not defined in Rel-12, PUSCH starts in the first valid subframe after subframe n+3. Otherwise, the timing relationship between the end of M-PDCCH and the start of the PUSCH follows the existing timing relationship between (E)PDCCH and PUSCH as in Rel-12.
Proposal 3: In case M-PDCCH is not repeated, the timing relationship between PUSCH and HARQ-ACK can follow the existing timing relationship between PUSCH and PHICH.

Proposal 4: In case M-PDCCH is repeated, HARQ-ACK for PUSCH starts in the first configured starting subframe of an M-PDCCH search space after subframe n+3.
Proposal 5: Consider downlink data rate improvement for HD-FDD.
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