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1 Introduction
Following agreements were reached on HARQ process for Rel-13 MTC UEs.

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 remaining issues on HARQ process for Rel-13 MTC UEs.
2 Discussion
2.1 TDD DL HARQ processes for the case of no repetition

The maximum number of HARQ processes for the UE operating with no repetition has been agreed with one FFS point that whether the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8.
According to the timing relationships proposed in [1], the DL HARQ timing under cross-subframe scheduling for different UL-DL configurations are illustrated in Figure 1 below.
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Figure 1: DL HARQ timing under cross-subframe scheduling for TDD
It is observed that additional two HARQ processes with respect to that of Rel-8 are needed to achieve peak data rate as summarized in Table 1. 
Table 1: DL HARQ process number with no repetition for TDD
	TDD UL/DL configuration
	Maximum number of HARQ processes in Rel-8
	Maximum number of HARQ processes under cross-subframe scheduling

	0
	4
	6

	1
	7
	9

	2
	10
	12

	3
	9
	11

	4
	12
	14

	5
	15
	17

	6
	6
	8


Even if the number of DL HARQ processes is not increased with respect to that of Rel-8, 4 bits are needed in DCI to indicate DL HARQ process number. If the number of DL HARQ processes is increased by 2 for each UL-DL, only TDD UL-DL configuration 5 would require more than 16 HARQ processes which would lead to a larger DCI field. Considering that this configuration is not a typical configuration for MTC traffic due to extreme limited uplink subframes, the maximum HARQ processes for UL-DL configuration 5 can be restricted to 16. For other UL-DL configuration, the number of DL HARQ processes should be increased by 2 to achieve peak data rate. Note that the proposed increase of DL HARQ processes would not increase DCI field, UE complexity or HARQ buffer size.
Proposal 1: The TDD DL HARQ processes under cross-subframe scheduling in case of no repetition are as follows.
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8


2.2 HARQ processes for the case of small coverage enhancement

It was agreed in RAN1#82 that DCI format for no and small repetition levels are same. For simplicity, it is proposed the number of DL and UL HARQ processes for the case of small coverage enhancement is the same as that for the case of no repetition.
Proposal 2: The number of DL and UL HARQ processes for the case of small coverage enhancement is the same as that for the case of no repetition.

2.3 HARQ processes for the case of large coverage enhancement

For the case of large coverage enhancement, a different DCI format from that in case of no/small CE is defined. In order to minimize the repetition number of M-PDCCH, it is desirable to reduce the DCI payload size as much as possible. One possible field to be reduced or eliminated is the HARQ process indication in DCI. 
Since large number of repetitions are needed for large CE, the processing time (~3ms) becomes negligible compared to the repetition number. In this case, only 1 or 2 HARQ processes are sufficient for both DL and UL.
Proposal 3: For the UE operating with large CE, UE is expected to support no more than 2 DL HARQ processes to receive unicast PDSCH and no more than 2 UL HARQ processes to transmit PUSCH. 
3 Conclusions
In this contribution, we discuss the remaining issues on HARQ process for Rel-13 MTC UEs with the following proposals.
Proposal 1: The TDD DL HARQ processes under cross-subframe scheduling in case of no repetition are as follows.
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8


Proposal 2: The number of DL and UL HARQ processes for the case of small coverage enhancement is the same as that for the case of no repetition.

Proposal 3: For the UE operating with large CE, UE is expected to support no more than 2 DL HARQ processes to receive unicast PDSCH and no more than 2 UL HARQ processes to transmit PUSCH. 
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