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1 Introduction

The WID for Rel-17 enhancements for NB-IoT and LTE-MTC [1] includes an objective to support 14 HARQ for increasing the peak data rate for HD-FDD MTC UEs.

	· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]


This contribution discusses the introduction of 14 HARQ for HD-FDD MTC UEs.
2 Discussion
The motivation of introducing 14 HARQ processes is to use the unsued subframes due to the PDSCH scheduling delay. In addition, two options were proposed previously in [2].

a) Option 1

If HARQ_ID < 10



Follow legacy procedures to determine HARQ_ID, HARQ-ACK delay. PDSCH delay = 2

Else



Obtain HARQ_ID and PDSCH delay from ‘HARQ-ACK delay’ field in DCI, PDSCH delay =2 or 7.



Obtain HARQ-ACK delay from ‘HARQ-ID’ field in DCI.
With this option, there is no impact to DCI size. However, some subframes will still be wasted when retransmission is needed, as shown in Figure 1. 
1. M10 and M11 in subframes 10-11 are DCIs scheduling initial PDSCH transmission of D10 and D11 in subframes 17 and 18 for HARQ process 10-11 respectively. (The red highlight subframes)
2. If transmission of D10 and D11 in subframes 17 and 18 failed, then eNB can schedule the retransmission immediately after A0 in subframe 30, using scheduling delay 2. (The green highlight subframes)
3. However, there will be no HARQ processes available for subframes 44 and 45, which requires scheduling delay 7, while the legacy HARQ processes still use scheduling delay of 2. Thus some subframes are wasted as shown in the blue grid subframes in Figure 1.
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Figure 1. Waste of subframes for option 1 in case of retransmissions.
Observation 1: In option 1, some subframes are still wasted when there is PDSCH retransmission of HARQ processes 10-13.
In addition, “HARQ-ACK delay” and “HARQ process number” need to be reinterpreted for the HARQ processes 10-13, which may have impact to the flexibility of HARQ-ACK delay.
b) Option 2
Option 2 introduces one additional bit to indicate a PDSCH scheduling delay of 2 or 7. As a result, the DCI size is increased, which will degrade the performance of PDCCH decoding. It is preferred that the DCI size is the same as legacy to avoid the degradation of the performance in terms of NPDCCH decoding.
Observation 2: In option 2, the DCI size is increased which degrades the performance of PDCCH decoding.
To tackle the above issues, the scheduling delays of the newly introduced HARQ processes can be fixed. As shown in figure 2, to achieve the peak data rate, the extra four HARQ processes are just scheduled at the unused subframes due to the legacy scheduling delay 2. Specifically, HARQ processes 10-11 are scheduled in subframes 10-11, so the scheduling delay can be fixed to 7 and the HARQ-ACK delay is fixed to be 13. In this way, the following benefits can be achieved:

· No impact to the current HARQ processes 0-9.
· Less impact on the current specification, for example, no reinterpretation for the “HARQ-ACK delay” and the “HARQ process number” DCI fields.
· The blue grid subframes in Figure 1 can be scheduled to improve the peak data rate.

· No additional bit is introduced in DCI.
· Less impact on the eNB implementation.
· Less scheduling complexity. The timeline of the initial transmission and retransmission of the additional HARQ processes is fixed. 
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Figure 2. Timeline for 14 HARQ processes.
Proposal 1: The scheduling delay of the additional HARQ processes (10-13) is fixed as 7 subframes.
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: In option 1, some subframes are still wasted when there is PDSCH retransmission of HARQ processes 10-13.
Observation 2: In option 2, the DCI size is increased which degrades the performance of PDCCH decoding.
Proposal 1: The scheduling delay of the additional HARQ processes (10-13) is fixed as 7 subframes.
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