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1 Introduction

In RAN#73, a revised work item on further enhanced MTC (FeMTC) was approved [1]. In the FeMTC WID, up to 10 DL HARQ processes in CEMode A in FD-FDD was agreed. In this contribution, we give our preliminary considerations on increasing DL HARQ processes in CEMode A in FD-FDD, and corresponding observation is given.
2 Motivation of increasing DL HARQ processes in CEMode A in FD-FDD
In Rel-13 eMTC, one MPDCCH transmission ending in subframe n, will schedule the associated PDSCH starting from subframe n+k, the second valid DL subframe after MPDCCH transmission. A maximum of eight HARQ processes can be utilized in the CEMode A for FD-FDD.

As shown in Figure 1 below, one PDSCH with HARQ process 0 is transmitted in subframe 2, and the UE will feedback ACK/NACK on PUCCH in subframe 6. Another new PDSCH corresponding to HARQ process 0 can be transmitted in subframe 2 of next radio frame. Therefore, due to the scheduling delay between MPDCCH and PDSCH, two subframes within one radio frame cannot be utilized for PDSCH transmission. Considering maximum 1000 bits TBS for Rel-13 eMTC UEs, the peak data rate for Fel-13 FD-FDD UEs would be 800 kbps rather than 1 Mbps as targeted.
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Figure 1: 8 HARQ processes for Rel-13 eMTC in FD-FDD
As a result, to utilize each DL subframe for PDSCH transmission and support 1 Mbps peak rate, as shown in the Figure 2 below, it has been suggested to have 10 HARQ processes in CEMode A for FD-FDD.
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Figure 2: 10 HARQ processes in CEMode A in FD-FDD
3 Considerations on increasing DL HARQ processes in CEMode A
Actually, the DL PDSCH transmission is asynchronous, and re-transmissions can be sent in any subframe after NACK. As shown in Figure 3 below, if eNB receives a PUCCH at subframe n, and transmits the corresponding MPDCCH in subframe n+2, there will be no vacant subframes left. As a result, if two subframes are sufficient for eNB to decode PUCCH before transmitting MPDCCH, eight HARQ processes can still support using all available DL subframes for PDSCH transmission. This adds no new processing effort or cost in the UE.
Observation 1: If two subframes are sufficient for eNB to decode PUCCH before transmitting MPDCCH, eight HARQ processes can support using all available DL subframes for PDSCH transmission in FD-FDD, with no new processing effort or cost in the UE.

[image: image3.emf]0 1 2 3 4 5 6 7 8 9 0 1 2

0 1 2 3 4 5 6 7 8 9 0 1 2

MPDCCH

PUCCH

PDSCH

0 1 2 3 4 5 6 7 8 9 0 1 2


Figure 3: 8 HARQ processes for using all DL subframes for PDSCH  in FD-FDD
On the other hand, if two subframes are not sufficient for eNB to decode PUCCH before transmitting MPDCCH, ten HARQ processes would be able to fully utilize DL subframe. However, PDSCH repetition can occupy more DL subframes, which will reduce the number of applicable HARQ process. In our view, PDSCH repetition can only be applied to the original 8 HARQ processes. If extra two HARQ processes are supported, the PDSCH related to the extra HARQ process should not be repeated.
Proposal 1: PDSCH repetition is available only to HARQ processes 0-7. If introduced, HARQ processes 8 and 9 do not support PDSCH repetition.
4 Conclusion
In this contribution, we give our preliminary considerations on increasing DL HARQ processes in CE mode A in FD-FDD, and corresponding observation is given:

Observation 1: If two subframes are sufficient for eNB to decode PUCCH before transmitting MPDCCH, eight HARQ processes can support using all available DL subframes for PDSCH transmission in FD-FDD, with no new processing effort or cost in the UE.
Proposal 1: PDSCH repetition is available only to HARQ processes 0-7. If introduced, HARQ processes 8 and 9 do not support PDSCH repetition.
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