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1 Introduction
During RAN #72 meeting, “New WI proposal: Further Enhanced MTC” was approved [1]. One objective of this work item is to specify HARQ-ACK bundling in CE mode A for HD-FDD. Based on the discussion in RAN1#86bis meeting, the following agreements for HARQ-ACK bundling have been achieved:
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.

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

· The maximum HARQ-ACK bundle size is 4.

· FFS: maximum number of HARQ-ACK bundles before switching to UL
According to the agreement, the number of HARQ-ACK bundled for each scheduling cycle and HARQ-ACK timing relationship are not decided yet. In this contribution, we provide our detailed considerations on HARQ-ACK bundling and timing relationship in CE mode A in FeMTC HD-FDD.
2 HD-FDD HARQ-ACK Bundling
For MTC HD-FDD in R.13, one subframe will be reserved for Tx-Rx or Rx-Tx switching as shown subframe#5 and subframe#9 in Figure 1. Since HD-FDD UE can’t transmit and receive signal simultaneously, the subframes available for HD-FDD DL or UL transmission are substantially reduced compared to FD-FDD.  However in the HARQ-ACK mechanism of R.13 MTC, the fixed PDSCH-ACK timing relationship forces the UE to re-tune quickly back to UL after receiving no more than 3 consecutive DL subframes. If the fixed PDSCH-ACK timing restriction is removed and multiple DL subframes feedback information are transmitted in a bundled ACK, the number of DL subframes as well as the DL data rate in each scheduling cycle can be increased.  
[image: image1.emf]Subframe# 0 1 2 3 4 5 6 7 8 9

MPDCCH G1G2G3

PDSCH D1D2D3

Switch S S

PUCCH 1A1A1A


Figure 1 PDSCH transmission in HD-FDD, Rel-13 BL UE
Similar to TD-LTE HARQ bundling, HARQ-ACKs feedback which corresponds to consecutives DL subframes is bundled to a single one. As this bundle size gets larger within each scheduling cycle, the portion of DL subframes increases (less overhead of DL-UL switches) and the peak data-rate is increased accordingly.
However, as the bundle size gets larger, the probability of a TTI within a bundle being corrupted also increases. With 1-bit feedback it will result in a re-transmission of the whole bundle. These events of re-transmissions will degrade the efficiency of using larger bundle.
In the last meeting, it is agreed that the maximum HARQ-ACK bundle size is 4, which is the best balance of the peak data rate and transmission efficiency. It is agreed that the maximal HARQ process number for CE mode A HD-FDD and FD-FDD is 10, so the maximum number of HARQ-ACK bundles before switching to UL should be at least 3.
Proposal 1: Maximum number of HARQ-ACK bundles before switching to UL should be at least 3.
Different from the fixed DL and UL subframe configuration in LTE TDD, eNB could flexibly configure DL and UL subframes transmission via RRC signaling according to the service requirement and downlink/uplink channel state information. For example, eNB can transmit an indication of the subframes (or subframe) pattern where HARQ ACK/NACK is transmitted. Then, for a PDSCH received in subframe n, the UE transmits HARQ ACK/NACK in the first subframe ≥ n+4. If multiple HARQ ACK/NACKs are transmitted in the same subframe, they are bundled together. Here the number of HARQ ACK/NACK subframe could be flexibly configured. In orfer to improve the peak data rate and real data rate of UE which has good uplink channel states, less HARQ ACK/NACK subframes are allocated to the certain UE and more downlink subframe is available to improve the downlink peak data rate. Furthermore, in order to guarantee the HARQ feedback performance, the maximal bundled size of each HARQ ACK/NACK subframe should be constrained.

As shown in Figure 2, three consecutive subframes of the period of 17 subframes for HARQ feedback are signaled via RRC to UE. In subframe#13, D1 to D4 (instead of D1-D8) ACK/NACK are bundled together with the maximal bundled size of 4 while subframe #14, D5-D8 ACK/NACK are bundled together to feedback transmission.
Figure 3 gives another example of only two consecutive subframes of the scheduling cycle of 14 subframes for HARQ feedback are signaled via RRC to UE. The maximal bundle size restriction is also 4.
Here we summary the HARQ-ACK mechanism metric of FeMTC in our view. HARQ-ACK is transmitted in the first valid ACK/NACK feedback subframe, among the configured ACK/NACK feedback subframe pattern via RRC signaling, if more than one ACK/NACK are transmitted in one specific subframe, these ACK/NACKs should be bundled together for transmitting, and the valid subframe should meet
· The ACK/NACK feedback subframe should be more than 4 subframes later to the according data subframe.
· The “potential” bundled size of one specific ACK/NACK feedback subframe should be no more than 4 (as agreed in last meeting).
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Figure 2 HD-FDD HARQ bundling illustration (bundle number = 3)
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Figure 3 HD-FDD HARQ bundling illustration (bundle number = 2)

In order to avoid the misunderstanding between the eNB and UE, the un-scheduling subframe is counted to the bundled size as shown in Figure 4. In this example, although the bundled size in subframe #11 is 2 (less than the maximal number of 4), the D3 should be bundled to subframe #12 instead of subframe #11 for feedback transmission, because both eNB and UE assume the subframe #4 and subframe #5 should be feedback in subframe#11 if UE is scheduled.
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Figure 4 HD-FDD HARQ bundling illustration (bundle number = 2)
Proposal 2: HD-FDD could flexibly configure DL and UL subframes transmission via RRC signaling according to the service requirement and downlink/uplink channel states information.
3 Conclusions
In this contribution, detail consideration of HARQ bundling and related HARQ timing relationship is provided. The following proposals are given.
Proposal 1: Maximum number of HARQ-ACK bundles before switching to UL should be at least 3.

Proposal 2: HD-FDD could flexibly configure DL and UL subframes transmission via RRC signaling according to the service requirement and downlink/uplink channel states information.
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