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1 Introduction
In RAN #72 meeting, new WI proposal on Further Enhanced MTC was agreed [1]. One objection of this WI is support of higher date rates.
· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

In this contribution, we discuss the potential solutions to support of HARQ-ACK bundling in CE mode A in HD-FDD and up to 10 DL HARQ processes in CE mode A for MTC UEs.
2 Support of 10 DL HARQ processes in CE mode A in FD-FDD
Supporting up to 10 DL HARQ processed in CE mode A in FD-FDD has no impact to current rate matching procedure. Since the total number of soft channel bits depends on min{maximum number of DL HARQ processes, Mlimit = 8}, no impact would be expected for the total number of soft channel bits if maximum number of DL HARQ processes is increased from 8 to 10.
3-bit HARQ process field was defined in current DCI format to support maximum 8 HARQ processes. If up to 10 DL HARQ processes in CE mode A is supported, how to indicate the HARQ process index should be considered.
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Figure 1 Timing for up to 10 DL HARQ processes

Proposal 1: Indication of HARQ process index should be considered for up to 10 DL HARQ processes.
3 Specify HARQ-ACK bundling in CE mode A in HD-FDD
3.1 HARQ-ACK bundling pattern
Two alternatives can be considered to support HARQ-ACK bundling in CE mode A in HD-FDD.
Alt 1: HD-FDD can be regarded as a special case of TDD, HARQ-ACK bundling can reuse current scheme for TDD. 
To eliminate the resource waste caused by downlink to uplink switch and uplink to downlink switch for HD-FDD type B, TDD configurations with 10 ms switch-point periodicity (configuration 3, 4, 5) can be considered. However, the U:D ratio of TDD configuration 5 is 9:1, retransmission probability would be increased if HARQ-ACK bundling is applied for TDD configuration 5. TDD configuration 3 or 4 is preferable. As shown in Figure 2, HARQ-ACK bundling for HD-FDD type B can reuse the bundling scheme for TDD configuration 3 or 4.
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(a) TDD configuration 3
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(b) TDD configuration 4
Figure 2  Example of HARQ-ACK bundling for HD-FDD type B
Alt 2: Define new HARQ-ACK bundling pattern according to the maximum supported HARQ processes.
The maximum number of DL HARQ processes for HD-FDD should be same as that for FD-FDD. Since up to 10 DL HARQ processes is required to be supported in CE mode A in FD-FDD, specifying HARQ-ACK bundling of up to 10 HARQ processes in CE mode A in HD-FDD should be considered. To meet the requirement of maximum bundling size of 4, at least 3 uplink subframes are needed for up to 10 DL HARQ processes. Number of downlink subframes corresponding to the three uplink subframes can be {4, 4, 2} or {4, 3, 3}.
Compared with Alt 1, Alt 2 can further reduce the resource waste caused by downlink to uplink switch and uplink to downlink switch for HD-FDD type B.  However, Alt 2 needs more standardization work.
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Figure 3  Example of HARQ-ACK bundling for up to 10 HARQ processes

Proposal 2: New HARQ-ACK bundling pattern that can support up to 10 HARQ processes can be considered for HD-FDD in CE mode A.
3.2 How to bundle HARQ-ACK bits
HARQ-ACK bundling can be realized by the following options.
· Option 1: XOR operation is applied for HARQ-ACK bits corresponding to multiple downlink subframes.
· Option 2: Feedback the total number of ACK bits.

· Option 3: Feedback the number of ACK bits corresponding to the first N PDSCH transmission
The feedback bits Option 1 needed is slightly less but Option 1 has DTX issue. Current scheme for TDD can be reused to resolve DTX issue for Option 1. DL DAI would be introduced for HD-FDD and the last resource in the bundling window would be used for DTX. The PDSCH retransmission for Option 1 may be the least among the three options. It is preferable to use Option 1 in coverage enhancement case. Option 2 can resolve DTX issue but the PDSCH retransmission for Option 2 may be more. For Option 3, DL DAI is also required to support DAI ordering. The PDSCH retransmission for Option 3 may be less than Option 2.
Proposal 3: XOR operation is applied for HARQ-ACK bits corresponding to multiple downlink subframes. Current DL DAI for TDD is reused for HD-FDD.
4 Conclusions
In this contribution, we have discussed the solutions to support up to 10 DL HARQ processes and HARQ-ACK bundling in CE mode A in HD-FDD. We make the following proposals:
Proposal 1: Indication of HARQ process index should be considered for up to 10 DL HARQ processes.
Proposal 2: New HARQ-ACK bundling pattern that can support up to 10 HARQ processes can be considered for HD-FDD in CE mode A.
Proposal 3: XOR operation is applied for HARQ-ACK bits corresponding to multiple downlink subframes. Current DL DAI for TDD is reused for HD-FDD.
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