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1 Introduction

In RAN1#86bis the following agreements were reached:

Agreement:
•
HARQ-ACK bundling is supported in CE Mode A in HD-FDD.

•
HARQ-ACK bundling is not supported in CE Mode B.

•
FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.

•
FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.

•
FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.

•
FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.

Agreement:
•
One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.

o
HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.

o
The maximum HARQ-ACK bundle size is 4.

o
FFS: maximum number of HARQ-ACK bundles before switching to UL

This contribution discusses some aspects of HARQ-ACK bundling support in CE Mode A.
2 Support for HARQ-ACK bundling in FD-FDD
The main reason to introduce HARQ-ACK bundling is to improve the peak DL data rate in HD-FDD. In FD-FDD, the maximum peak DL date rate has been achieved (i.e. every DL subframe can be used for PDSCH transmissions even if there is a single UE being scheduled) when the number of HARQ processes is increased to 10, so the added benefit of supporting HARQ-ACK bundling is not very clear (not to mention the unnecessary complication of HARQ-ACK timing). In fact, FD-FDD is not even targeted for HARQ-ACK bundling in the WID [1]. Therefore, it is proposed not to support HARQ-ACK bundling in FD-FDD.
Proposal 1:  HARQ-ACK bundling is not supported in FD-FDD.

3 HARQ-ACK bundling and number of repetitions
HARQ-ACK bundling is only expected to provide gains when it is operated in radio conditions where there is a high probability that all CRC checks within a bundle are successful. In case any of the CRC checks fails, all PDSCH within the bundle have to be re-transmitted, resulting in a throughput that may be even worse than no bundling. The worst case (i.e. largest data rate gap between bundling and no bundling) is when only one CRC check within the bundle fails, and this is even worsened if the re-transmitted bundle is “large” (i.e. the number of bundled PDSCH transmissions is large, or any of the bundled PDSCH transmissions comes with repetitions).
Therefore, HARQ-ACK bundling brings performance benefits only for moderate bundle sizes and only when the radio condition allows no repetition for all relevant channels. Furthermore, repetition within a bundle has another implication of complicating the HARQ-ACK timing design which requires a rather detailed design among a large number of options. For example, there were six completely different PDSCH->ACK timing proposals submitted to RAN1#86bis, see [2], [3], [4], [5], [6], and [7].
It is thus proposed to support HARQ-ACK bundling only when MPDCCH, PDSCH and PUCCH are not repeated.
Proposal 2:  HARQ-ACK bundling is only supported when MPDCCH, PDSCH and PUCCH are not repeated.

4 Bundle size and number of bundles
The design of HARQ-ACK bundling should support a number of combinations of {bundle size, number of bundles} before switching to UL, without requiring a large DCI overhead. Since HARQ-ACK bundling mainly targets improved peak DL data rate, the bundle sizes should support 10 HARQ processes, e.g. by using three bundles with sizes 4, 4, and 2, respectively. Furthermore, it is necessary to give eNB the flexibility to schedule non-bundled PDSCH even when the “HARQ-ACK bundling” sub-feature is enabled via RRC configuration. Hence a bundle size of 1 should also be supported.
Proposal 3:  For each HARQ-ACK bundle, the bundle size is chosen from {1, 2, 4}.

Proposal 4:  The maximum number of HARQ-ACK bundles before switching to UL is 3.

With a set of bundle sizes of {1, 2, 4} and a maximum number of bundles of 3, there are a total of 39 possible bundle size combinations, as follows,

· One bundle: {1}, {2}, {4}.
· Two bundles: {1, 1}, {1, 2}, {1, 4}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}.

· Three bundles: {1, 1, 1}, {1, 1, 2}, {1, 1, 4}, {1, 2, 1}, {1, 2, 2}, {1, 2, 4}, {1, 4, 1}, {1, 4, 2}, {1, 4, 4}, {2, 1, 1}, {2, 1, 2}, {2, 1, 4}, {2, 2, 1}, {2, 2, 2}, {2, 2, 4}, {2, 4, 1}, {2, 4, 2}, {2, 4, 4}, {4, 1, 1}, {4, 1, 2}, {4, 1, 4}, {4, 2, 1}, {4, 2, 2}, {4, 2, 4}, {4, 4, 1}, {4, 4, 2}, {4, 4, 4}.
However, not all of the above combinations are necessary. For example, it does not make too much sense to support both “{2, 2, 4}” and “{2, 4, 2}”. In fact, it would be sufficient to support a subset of the above options allowing a total number of PDSCH transmissions (corresponding to different HARQ processes) of 1, 2, 4, 6, 8, and 10 before switching to UL, e.g. by supporting the following combinations: {1}, {2}, {4}, {2, 2, 2}, {2, 2, 4}, and {2, 4, 4}.

Proposal 5:  The sets of bundle size combinations before switching to UL are {1}, {2}, {4}, {2, 2, 2}, {2, 2, 4}, and {2, 4, 4}, and one of the combinations is indicated in DCI.

5 HARQ-ACK timing
5.1 MPDCCH->PDSCH timing

The MPDCCH->PDSCH timing (i.e. n+2) and PDSCH-per-MPDCCH scheduling are proposed to be kept the same as Rel-13 eMTC, in order not to complicate the UE behavior and eNB scheduling when both Rel-13 and Rel-14 UEs are being scheduled.
Proposal 6:  In HARQ-ACK bundling, timing relationship between MPDCCH and PDSCH is the same as Rel-13 eMTC for each PDSCH within the bundle, and there is one PDSCH per MPDCCH
-  HARQ process number for each bundled PDSCH is indicated in the DCI scheduling that PDSCH (i.e. the same as Rel-13).

5.2 PDSCH->PUCCH timing

The bundle size combinations as proposed in section 4, as well as the offset to the starting time of the first bundle, can be indicated in the DCI contained in each MPDCCH of the bundle, and this gives a full picture of when the bundles start and end and the duration of each bundle. The UE should switch to UL after the end of the last bundle and the HARQ-ACK of each bundle (starting from the first one) should be sent in the next available subframe (i.e. subframe unoccupied by HARQ-ACKs for other bundles) fulfilling the timing relationships of >=n+4 for the last PDSCH of that bundle, as shown in Figure 1.
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Figure 1: HARQ-ACK timing for HARQ-ACK bundling. Numbers show the subframe number.
Proposal 7:  The size of each bundle and its offset after the start of the first bundle are indicated in the DCI contained in each MPDCCH of the bundle.
Proposal 8:  The HARQ-ACK of each bundle (starting from the first one) is sent in the next available subframe (i.e. subframe unoccupied by HARQ-ACKs for other bundles) fulfilling the timing relationships of >=n+4 for the last PDSCH of that bundle.

6 Conclusion
In this contribution, some aspects of the support for HARQ-ACK bundling in CE Mode A are discussed, and the following proposal are given:

Proposal 1:  HARQ-ACK bundling is not supported in FD-FDD.

Proposal 2:  HARQ-ACK bundling is only supported when MPDCCH, PDSCH and PUCCH are not repeated.

Proposal 3:  For each HARQ-ACK bundle, the bundle size is chosen from {1, 2, 4}.

Proposal 4:  The maximum number of HARQ-ACK bundles before switching to UL is 3.

Proposal 5:  The sets of bundle size combinations before switching to UL are {1}, {2}, {4}, {2, 2, 2}, {2, 2, 4}, and {2, 4, 4}, and one of the combinations is indicated in DCI.

Proposal 6:  In HARQ-ACK bundling, timing relationship between MPDCCH and PDSCH is the same as Rel-13 eMTC for each PDSCH within the bundle, and there is one PDSCH per MPDCCH.

-  HARQ process number for each bundled PDSCH is indicated in the DCI scheduling that PDSCH (i.e. the same as Rel-13).

Proposal 7:  The size of each bundle and its offset after the start of the first bundle are indicated in the DCI contained in each MPDCCH of the bundle.

Proposal 8:  The HARQ-ACK of each bundle (starting from the first one) is sent in the next available subframe (i.e. subframe unoccupied by HARQ-ACKs for other bundles) fulfilling the timing relationships of >=n+4 for the last PDSCH of that bundle.
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