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1 Introduction

The WID for Rel-17 enhancements for LTE-MTC [1] includes an objective to support 14 HARQ for increasing the peak data rate for HD-FDD MTC UEs. In RAN1#104-e, the following agreements were reached.

	Agreement

The PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1):

· 2 BL/CE DL subframes.

· The PDSCH scheduling delay of 7 is expressed as: 

· 1 BL/CE DL subframe + 1 subframe + [3 subframes] + 1 subframe + 1 BL/CE DL subframe.

· 1 subframe + [3 subframes] + 1 subframe + 2 BL/CE DL subframes.
Agreement

For the 14 HARQ processes feature, when PUCCH is used with 1 repetition and there is presence of non-BL/CE UL subframes (i.e., invalid UL subframes):

· The term surrounded by brackets in Solution 1 is resolved as 3 BL/CE UL subframes.


In RAN1 103, the following agreement regarding HARQ-ACK delay was achieved:

	Agreement
For the support of 14 HARQ processes, the solution to assign HARQ-ACK delays should aim to maximize the number of HARQ processes that can be scheduled in presence of non-BL/CE DL subframes and non-BL/CE UL subframes.

· Different percentages of presence of non-BL/CE subframes can be analyzed as to represent typical scenarios and determine which HARQ-ACK delays should be included.


In this contribution, we discuss the solutions of HARQ-ACK delays and signaling methods to support 14 HARQ processes for HD-FDD MTC UEs.
2 Discussion
2.1 HARQ-ACK delay
In RAN1#104-e, it has been agreed that the PDSCH scheduling delay of 7 with two delay types:

· 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.

· 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.       
For example, we consider a DL/UL bitmap as shown in Figure 1. For each 10 subframes, subframe #2 and subframe #9 are non BL/CE DL subframes. Subframe #4 and subframe #6 are non BL/CE UL subframes. Here, the non BL/CE subframe is colored blue.
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Figure 1. The example DL and UL bitmap
According to the agreed PDSCH scheduling delay of 7 and the rule of wasting the least resource to achieve the highest peak data rate for 14 HARQ processes. The timeline of PDSCH transmission with 14HARQ processes corresponding to bitmap of Figure 1 is shown in Figure 2:
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Figure 2. The timeline of PDSCH transmission for 14 HARQ processes with the highest peak data rate
Define the HARQ processes as D*. Considering the consecutive HARQ-ACK bundling pattern, in which D10, D11, D0, D1 HARQ processes in subframe #10, #11, #13, #14 are feedback by A0 in subframe #27. D2, D3, D4 and D5 HARQ processes in subframe #15-#18 are feedback by A1 in subframe #28. D6, D7, D8 and D9 HARQ processes in subframe #20, #21, #23, #24 are feedback by A2 in subframe #29. Then, for this bitmap and HARQ-ACK bundling pattern, the HARQ-ACK delays are 5-6, 8-9, 10-13, 13-14 and 16-17 (subframes).
Considering the interleaving HARQ-ACK bundling pattern in which D10, D1, D4, D7 HARQ processes in subframe #10, #14, #17, #21 are feedback by A0 in subframe #27. D11, D2, D5 and D8 HARQ processes in subframe #11, #15, #18 and #23 are feedback by A1 in subframe #28. D0, D3, D6 and D9 HARQ processes in subframe #13, #16, #20, #24 are feedback by A2 in subframe #29. Then, for this bitmap and HARQ-ACK bundling pattern, the HARQ-ACK delays are 17, 13, 10, 4, 16, 13, 10, 5, 16, 13, 9, 5 (subframes).
As can be observed, the current values of HARQ-ACK delay are not enough to support 14 HARQ-ACK processes. 
Observation 1: The current HARQ-ACK delay values are not enough to use all the BL/CE downlink subframes.
There are two options to tackle the above issue:

· Option 1: Configurable HARQ-ACK delays.
· Option 2: The HARQ-ACK delay y ranges from 4  to 13 and include the following subframe type：

· (y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1,2,3.
With option 1, the eNB can configure N (N≥1) HARQ-ACK delays by RRC and indicate one of the N delays when scheduling the PDSCH. However, the configurable HARQ-ACK delays may be different for different bitmaps. As a result, it would be difficult to determine the value ranges and numbers of HARQ-ACK delays for different bitmaps.
With option 2, it is possible to avoid the problems of configurable HARQ-ACK delays. As can be summarized from Figure 2, in the case of consecutive HARQ-ACK bundling, the subframe type for HARQ process D10, D11, D0, D1 should be: (y-2) BL/CE DL subframes +1 subframe + 1 BL/CE UL subframe. For HARQ process D2, D3, D4, D5, the subframe type for the HARQ-ACK delay should be (y-3) BL/CE DL subframes +1 subframe + 2 BL/CE UL subframe. For HARQ-ACK process D6, D7, D8 and D9, the HARQ-ACK delay should be (y-4) BL/CE DL subframes +1 subframe + 3 BL/CE UL subframe. The HARQ-ACK delay can be limited with the range 4 to 13.

Therefore, we have the following proposal.

Proposal 1: Down-select from option 1 and option 2 for HARQ-ACK delays.
· Option 1: Configurable HARQ-ACK delays is supported. Ranges and numbers FFS.
· Option 2: The HARQ-ACK delay y ranges from 4  to 13 and include the following subframe type：

· (y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1, 2, 3.
2.2 Signaling Method
The PDSCH scheduling delay of 7 with two subframe types has been agreed. Therefore, it requires the signalling to indicate UE the PDSCH scheduling delay of 2, the PDSCH scheduling delay of 7 with subframe type 1 and the PDSCH scheduling delay of 7 with subframe type 2. Thus, at least 2 bits in DCI is needed to indicate the PDSCH scheduling delays. Considering that the UE scheduled with 14-HARQ processes is in good coverage and channel conditions, the 2 bits in repetition field can be reinterpreted to indicate the PDSCH scheduling delays. It is exemplified in Table 1.
Table 1. Indication of PDSCH scheduling delay
	Repetition Field in DCI
	PDSCH scheduling delay

	00
	2

	01
	7 (Subframe type I)

	10
	7 (Subframe type II)


Proposal 2: Add or re-purpose 2 bits in DCI to indicate the PDSCH scheduling delays for 14-HARQ processes.
2.3 PUCCH Repetition
The purpose of introducing 14 HARQ processes is to achieve a larger peak data rate, which implies that a UE configured with 14 HARQ processes would be in good channel quality. Under this condition, there is no necessity that of supporting PUCCH repetition. 
Proposal 3: The 14 HARQ processes feature is not supported in PUCCH repetition case.
3 Conclusions

In this contribution, we provide discussions on introducing 14 HARQ for HD-FDD MTC UEs, and the following observation and proposals are given:
Observation 1: The current HARQ-ACK delay values are not enough to use all the BL/CE downlink subframes.
Proposal 1: Down-select from option 1 and option 2 for HARQ-ACK delays.

· Option 1: Configurable HARQ-ACK delays is supported. Ranges and numbers FFS.
· Option 2: The HARQ-ACK delay y ranges from 4  to 13 and include the following subframe type：

(y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1, 2, 3.
Proposal 2: Add or re-purpose 2 bits in DCI to indicate the PDSCH scheduling delays for 14-HARQ processes.
Proposal 3: The 14 HARQ processes feature is not supported in PUCCH repetition case.
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