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1. Introduction 
In RAN1#86bis we agreed the following:

· The following FeMTC features:

1. HARQ-ACK bundling

2. Larger maximum TBS for 1.4MHz operation

3. Larger maximum TBS for 5MHz operation

4. Support of larger bandwidth
5. 10 HARQ processes for downlink
are enabled as follows:

· The UE reports capability to support a given feature

· FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration

· The eNB enables the other features by RRC reconfiguration
· For HD-FDD and FD-FDD,

· Support for max 10 DL HARQ processes in CE mode A is introduced for Rel-14 BL UEs

· A 1.4-MHz BL UE supporting max 10 DL HARQ processes has the same required soft buffer size as Rel-13 Cat-M1 UE

In RAN1#87 we made the following working assumption on operating with 10 HARQ processes:

· When the 10 HARQ process feature is enabled by RRC,
· The HARQ Process Number field in the DCI is increased to 4 bits.
This contribution discusses some further considerations on HARQ-ACK bundling.
2. Discussion
The use of 10 HARQ processes would require the HARQ Process Number field in the DCI to increased from 3 to 4 bits.  Since we agreed that 10 DL HARQ process is enabled using RRC configuration, the UE can therefore be configured with a DCI format that has an increased (4 bits) HARQ Process Number field.  
Proposal 1: Confirm the following working assumption:

· When the 10 HARQ process feature is enabled by RRC,
· The HARQ Process Number field in the DCI is increased to 4 bits.
Figure 1 shows the consecutive PDSCH transmissions with 2× repetitions.  It can be seen that the round trip time of a HARQ process, e.g. HARQ#0, does not cause any unscheduled gaps.  That is even with small repetitions, 8 HARQ processes are sufficient to fully utilise the downlink resources.  Hence, there is no need to use more than 8 HARQ processes when repetitions are used.
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Figure 1: HARQ RTT with 2× PDSCH repetitions

Observation 1: 8 HARQ processes are sufficient to fully utilise the downlink resources when PDSCH repetitions are used.

10 HARQ processes will operate using Rel-13 soft buffer size, i.e., limited buffer rate matching (LBRM) will be used for these processes.  Since it is observed 10 HARQ processes are not required when PDSCH repetitions are used, then HARQ processes that have repetitions do not need to use LBRM.  Furthermore LBRM may increase the coding rate which is not desirable when repetitions are used.

Proposal 2: LBRM is not used for HARQ processes with PDSCH repetitions.

The UE needs to know whether the eNB uses 10 HARQ processes or 8 HARQ processes, i.e. whether to use LBRM or FBRM.  10 HARQ processes using LBRM is more suitable for UEs in good radio conditions that can operate with high code rate [1] and since the MCS is dynamically determined by the eNB scheduler, whether the UE uses LBRM or FBRM should also be dynamically indicated in the DCI [2].  Since we have 4 bits in the HARQ Process Number field to indicate 10 HARQ processes, some of the unused states in this field can be reused to indicate to the UE whether to use LBRM or FBRM.  For example, if the HARQ Process Number > 8 (and no repetition is used), the UE will use LBRM otherwise it uses FBRM.

Proposal 3: The use of LBRM (10 HARQ processes) in a HARQ process is dynamically indicated in the DCI by using the unused state in the 4 bits HARQ Process Number field.

3. Conclusion

In this contribution we discuss some remaining issues in operating with 10 DL HARQ processes.  We observe the following:
Observation 1: 8 HARQ processes are sufficient to fully utilise the downlink resources when PDSCH repetitions are used.

We therefore propose the following:

Proposal 1: Confirm the following working assumption:

· When the 10 HARQ process feature is enabled by RRC,
· The HARQ Process Number field in the DCI is increased to 4 bits.
Proposal 2: LBRM is not used for HARQ processes with PDSCH repetitions.

Proposal 3: The use of LBRM (10 HARQ processes) in a HARQ process is dynamically indicated in the DCI by using the unused state in the 4 bits HARQ Process Number field.
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