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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#103-e, the following agreements were reached.

	Agreement
The design of the 14 HARQ processes feature accounts for the presence of non-BL/CE UL and DL subframes in the PUCCH non-repetition case.

· FFS: PDSCH scheduling delays

· FFS: HARQ-ACK delays

· FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays
Agreement
For the support of 14 HARQ processes, the solution to assign PDSCH scheduling delays should be able to minimize unnecessary waste of subframes derived from the presence of non-BL/CE DL subframes and non-BL/CE UL subframes.

· The following solutions will be further investigated:

· The indication of subframe types for the PDSCH scheduling delay of 7 are:
· 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.
· Configurable delays including other values than 2 and 7.
· Other solutions are not precluded.
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 to support 14 HARQ processes for HD-FDD MTC UEs.
2 Discussion
2.1 PDSCH Scheduling Delay
In RAN1#103-e, it has been agreed that different subframe types and configurable delays can be further investigated, while other solutions are not precluded. 

Scheduling delay of different subframe types is to avoid any waste of downlink subframes for a certain UE. However, in some cases it cannot fully achieve this objective. For example, consider a DL/UL bitmap as shown in Figure 1. For each 10 subframes, subframe #9 is a non BL/CE DL subframe and subframes #0, #1, #4, #5, #6, #8, #9 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
With the scheduling delay of different subframe types, as shown in Figure 2, D10 is scheduled by M10 in subframe #14 and D11 is scheduled by M11 in subframe #15. The 12 HARQ processes 10-11, 0-9 of the 14 HARQ processes are transmitted in subframes #14-#26 and the HARQ-ACK for these 12 HARQ processes is transmitted by the BL/CE UE in subframe #32, #33 and #37.  It can be observed that downlink subframes #5, #9, and #10 still cannot be used.
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Figure 2. Illustration of PDSCH scheduling delays, with a fixed delay of 7
Observation 1: With indication of subframe types for the PDSCH scheduling delay of seven, there are still wasted downlink subframes.
As shown in Figure 3, subframes #5 and #10 can be used, and a larger data rate can be achieved for the UE. In this way, M0 and D10 are transmitted in subframe #5, and M1 and D11 aretransmitted in subframe #10, which can increase the data rate by 29% compared to scheduling delay of different subframe types.
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Figure 3. The solution of PDSCH schduling delay of our proposal

The pattern can be easily achieved by configuration/indication of scheduling delays. The eNB configures a set of PDSCH scheduling delays for a specific bitmap, one of which can be indicated when scheduling the PDSCH. As can be seen from Figure 3, the PDSCH scheduling delay of D10 in subframe #5 is 5 DL BL/CE suframes. The PDSCH scheduling delay of D11 in subframe #10 is 8 DL BL/CE subframes. The PDSCH scheduling delay of D12 in subframe #12 is 6 DL BL/CE subframes. The PDSCH scheduling delay of D13 in subframe #35 is 10 DL BL/CE subframes.
Thus, for this bitmap, the eNB can configure a set of PDSCH scheduling delay {2,5,8,6,10} to the UE to use all the available BL/CE downlink subframes. 
Observation 2: With configurable PDSCH scheduling delays, all the BL/CE downlink subframes can be used for a certain UE.
For different bitmaps, the configurable PDSCH scheduling delays may be different. The minimum scheduling delay is two. The maximum scheduling delay can be calculated for an extreme case with only one BL/CE UL subframe within a frame. Then the maximum scheduling delay is 3*10+4=34 BL/CE DL subframes. The eNB can configure N (N≥1) delays by RRC and indication one of the N delays when scheduling the PDSCH.
Proposal 1: Configurable PDSCH scheduling delay is supported, with the range of scheduling delay from 2 to 34 BL/CE downlink subframes. 
Proposal 2: The eNB indicates the configurable PDSCH scheduling values for a specific bitmap by RRC and indicates one of the configurable value by DCI. The detailed signalling method FFS.

2.2 HARQ-ACK Delay
It can be observed from Figures 2 and 3 that the HARQ-ACK delay would also be different from the legacy values to fully use all BL/CE downlink subframes. As can be seen from Figure 3, the HARQ-ACK of D10 in subframe #5 is A0 in subframe #27, and the HARQ-ACK of D11 in subframe #10 is A0 in subframe #27. The HARQ-ACK delay of D10 in subframe #5 is 22 subframes, and the HARQ-ACK delay of D11 in subframe #10 is 17 subframes. 
Observation 3: Current HARQ-ACK delays are not enough to use all the BL/CE downlink subframes.
However, the required HARQ-ACK delays would depend on the final decisions of scheduling delays.
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: With indication of subframe types for the PDSCH scheduling delay of seven, there are still wasted downlink subframes.
Observation 2: With configurable PDSCH scheduling delays, all the BL/CE downlink subframes can be used for a certain UE.
Observation 3: Current HARQ-ACK delays are not enough to use all the BL/CE downlink subframes.
Proposal 1: Configurable PDSCH scheduling delay is supported, with the range of scheduling delay from 2 to 34 BL/CE downlink subframes. 

Proposal 2: The eNB indicates the configurable PDSCH scheduling values for a specific bitmap by RRC and indicates one of the configurable value by DCI. The detailed signalling method FFS.
Proposal 3: The 14 HARQ processes feature is not supported in PUCCH repetition case.
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