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1
Introduction
In RAN1 #82, the following was agreed for the number of HARQ processes [1] –

Agreement:
· For HD-FDD, FD-FDD, and TDD, if the UE is operating with coverage enhancement (but not small one):

· UE is expected to support no more than N DL HARQ process to receive unicast PDSCH

· FFS N=1, 2, or 4

· UE is expected to support no more than M UL HARQ process to transmit PUSCH

· FFS M = 1, 2, 4, or Rel-8 # of UL HARQ processes

· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:

· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

· FFS the case of small coverage enhancement

· Soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8

In this contribution, we discuss the number of HARQ processes supported for LC-MTC in enhanced coverage and make proposals for the maximum number of HARQ processes for HD-FDD .
2
Number of HARQ Processes for UEs in Enhanced Coverage

For UEs in normal coverage, the agreement in RAN1 #82 noted above states that the maximum number of HARQ processes in HD-FDD is the same as for Cat-0 UE in Rel-12. For UEs in enhanced coverage, support is enabled through repeated transmission of channels. It is worth noting that the number of repetitions at any coverage enhancement level may be different for different channels. The number of HARQ processes can be discussed based on whether the M-PDCCH and the associated PDSCH are transmitted in the same narrowband or separate narrowbands.
2.1
PDSCH is Scheduled in the Same Narrowband as the M-PDCCH

In this case multiple repetitions of the M-PDCCH are followed by multiple repetitions of the PDSCH on the same narrowband. Figure 1 shows a single HARQ process in the case of enhanced coverage. Legacy timing is assumed to be followed for the UL ACK/NACK transmission after completion of PDSCH transmission: if the last PDSCH repetition is transmitted in subframe n, the first ACK/NACK repetition is transmitted in subframe n+4, allowing enough time for PDSCH decoding and UL processing in preparation for ACK/NACK transmission. This timing also provides an adequate gap for the UE to switch/retune from the DL reception frequency to the UL transmission frequency in the case of HD-FDD. Similarly, if the last ACK/NACK repetition is transmitted in subframe k, the first M-PDCCH to schedule retransmission is transmitted in subframe k+4. It is clear from the above that support of a second HARQ process in HD-FDD would result in a significant increase in RTT due to having to piggy-back the DL transmission repetitions for the two processes before switching to the UL.
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Figure 1. DL HARQ with One HARQ Process for Same-Narrowband Scheduling in Enhanced Coverage.
2.2
PDSCH is Scheduled in a Separate Narrowband from the M‑PDCCH
The case of scheduling the PDSCH in a separate narrowband from the M-PDCCH in enhanced coverage for a single HARQ process is illustrated in Figure 2. The timing relationship for this case is discussed in a companion contribution [2]. In terms of timing, the only difference with respect to the previous case is the 1-ms gap that is introduced between the last repetition of the M-PDCCH and the first repetition of the PDSCH for M-PDCCH decoding and retuning. As noted above, support of a second HARQ process would increase RTT.
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Figure 2. DL HARQ with One HARQ Process for Separate Narrowband Scheduling in Enhanced Coverage.
2.3
Discussion

As previously noted, supporting more than one HARQ process in enhanced coverage with HD-FDD increases the RTT without adding any benefit. Thus, we make the following proposal.
Proposal: The maximum number of HARQ processes for UEs in enhanced coverage is 1 for HD-FDD.
It may be noted that SIB1 for LC-MTC UEs (M-SIB1) contains scheduling information for other LC-MTC SIBs (M-SIBs), which may be interleaved. To support UEs in enhanced coverage, the M-SIBs are repeated, with the repetitions spanning several periodic transmission windows. Thus, for receiving each M-SIB, the UE in enhanced coverage accumulates the repetitions over many windows. Although a single HARQ process is sufficient to receive each of these broadcast messages, multiple HARQ buffers would be needed to process the interleaved M-SIBs. Therefore, the above proposal applies to unicast transmissions whereas for broadcast transmissions, the use of multiple HARQ buffers may be essential. More details are discussed in a companion contribution [3].
3
Conclusion

In this contribution, reduction in the maximum number of HARQ processes for LC-MTC in enhanced coverage is discussed with a focus on HD-FDD, which is of high importance. The following proposals are made:
Proposal: The maximum number of HARQ processes for UEs in enhanced coverage is 1 for HD-FDD.
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