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1 Introduction

In RAN1#83, DL/UL timing relationships for low cost MTC UEs in enhanced coverage were discussed and the following were agreed [1]:
Agreement:

· RAN1#82bis agreement:

· A UE will postpone transmitting PUSCH/PUCCH repetition (when R > 1) to the next available UL subframe in invalid UL subframe indicated by MTC-SIBx.

· In case of PUSCH/PUCCH with R = 1, a UL grant or PDSCH transmission overrides the MTC-SIBx configuration, thus a UE will transmit PUSCH/PUCCH

· Agree that the expression ‘PUSCH/PUCCH repetition’ in the above agreement also concerns the first subframe (when it is followed by repetitions).
· Note:

· The scheduling timing for PUSCH and the HARQ timing for PDSCH is based on the legacy timing, which, as already agreed earlier, may further depend on R, and FDD/TDD system type. This is to be captured in the CR stage.
This contribution discusses remaining UL HARQ timing issues in order to support low cost MTC UEs in enhanced coverage for TDD.
2 UL HARQ timing
In TDD, there exist DL subframes without PHICH resources depending on a TDD UL/DL configuration in Table 1 [2]. Then, in DL subframes without a PHICH resource, there is no legacy UL HARQ timing. 
Table 1: PHICH resources for TDD
	UL/DL configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	2
	1
	-
	-
	-
	2
	1
	-
	-
	-

	1
	0
	1
	-
	-
	1
	0
	1
	-
	-
	1

	2
	0
	0
	-
	1
	0
	0
	0
	-
	1
	0

	3
	1
	0
	-
	-
	-
	0
	0
	0
	1
	1

	4
	0
	0
	-
	-
	0
	0
	0
	0
	1
	1

	5
	0
	0
	-
	0
	0
	0
	0
	0
	1
	0

	6
	1
	1
	-
	-
	-
	1
	1
	-
	-
	1


In this regard, in case an UL grant is transmitted with repetitions, if the UL grant repetitions complete on subframe n, legacy UL HARQ timing with respect to the last subframe of the UL grant repetition may not always exist for UL grant-to-PUSCH timing. Figure 1 shows an example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in TDD.
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Figure 1: An example of UL grant-to-PUSCH and PUSCH-to-HARQ-ACK timing in TDD

Taking into account the RAN1 #83 agreement that the scheduling timing for PUSCH is based on the legacy timing, 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. One alternative to use legacy UL HARQ timing is that the network configures 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. However, this is not generally possible and requires scheduler restrictions for the DL subframes of the UL grant repetitions. 
Another alternative is to use legacy UL grant-to-PUSCH timing 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. Although this has a small specification impact, it is preferred because PUSCH repetition always 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.
Proposal 1: 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.
For PUSCH-to-HARQ-ACK timing in TDD, an 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 1. As another alternative taking into account that the number of UL processes for Rel-13 low cost UEs in enhanced coverage is at most 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 2: For TDD, 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.
3 Conclusions 

This contribution considered remaining UL HARQ timing issues for Rel-13 low cost UEs with enhanced coverage operation and proposes the following:
.
Proposal 1: 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. 
Proposal 2: For TDD, 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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