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1. Introduction 
In RAN1#87 we agreed the following on HARQ-ACK bundling:

· When HARQ-ACK bundling is RRC configured, non-bundled transmission is still possible, where the repetition numbers of the different channels are used in the same way as in Rel-13 eMTC. 

· At least in non-repetition case, the maximum number of HARQ-ACK bundles before switching to UL is 3.
· FFS whether repetition case is supported

· The maximum number of PDSCH TBs in all bundles before switching to UL is 10.

· The switch time between DL and UL is FFS between:

· Indicated in the DCI
· Implicitly based on the specification

· If repetition is used for M-PDCCH or PDSCH, HARQ-ACK bundling is not used

This contribution discusses some further considerations on HARQ-ACK bundling.
2. Discussion
Since up to 3 PDSCH bundles can be transmitted prior to switching to the uplink for HARQ feedbacks, each of these bundles need to be distinguished.  The DAI can be used to indicate the start of a bundle (e.g. 00) but it does not indicate the end of a bundle if the bundle size is less than 4.  The DCI can either indicate the end of a bundle or index the bundle e.g. 1st, 2nd or 3rd bundle in the DCI.
Proposal 1: PDSCH bundles are distinguished from each other using either an end of bundle indicator or by indexing the bundle in the DCI.

The switch time from DL to UL is either explicitly indicated in the DCI or implicitly.  An implicit method should enable the UE to switch to the UL for any number of PDSCH bundles.  One method suggested in [1] is for the UE to switch to the UL if no DCI is detected for 2 subframes after the last DCI carrying downlink grant.  Implicit is typically used to save overhead.  However, we think a single bit is sufficient for this purpose, which is simpler and does not incur a lot of overhead.
Proposal 2: The switch from DL to UL is indicated in the DCI.
In eMTC, a fixed timing relationship between the PDSCH and PUCCH is defined where the PUCCH is transmitted at the n+4 subframes where n is the subframe of the last PDSCH.  It is difficult to maintain a fixed timing relationship for HARQ-ACK bundling as described in [1].  One approach is for the DCI to indicate the timing (e.g. after uplink switch) where the PUCCH for the bundle can occur.  If this causes concern in DCI overhead, an implicit way can be used where the order of the PDSCH bundles matches the order of their corresponding PUCCH, for example in Figure 1, the order of the PDSCH bundles arrive are Bundle #1, Bundle #2 and followed by Bundle #3 and so three PUCCHs are transmitted after the UE switches to the uplink where the first PUCCH carriers HARQ feedback for Bundle #1 since Bundle #1 arrives first, the second PUCCH carriers HARQ feedback for Bundle #2 and the last (3rd) PUCCH carries HARQ feedback for Bundle #3 since Bundle #3 arrives last.
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Figure 1: Relationship between PDSCH bundle and PUCCH

Proposal 3: If DCI is not used to explicitly indicate the PUCCH timing, an implicit indicator is used where the PUCCHs carrying HARQ feedbacks are transmitted in the order of the arrival of the PDSCH bundles.
Consider two bundles, Bundle #1 and Bundle #2 in Figure 2.  In the 1st transmission Bundle #1 consists of HARQ processes HARQ#0 and HARQ#1 and Bundle #2 consists of HARQ#2 and HARQ#3.  Assume that HARQ#1 and HARQ#3 failed the CRC and since HARQ-ACK bundling is used, both bundles would feedback a NACK.  If HARQ#1 and HARQ#3 continue to fail in the retransmission, again the eNB would receive NACKs from these bundles.  However, if HARQ#1 of Bundle #1 is swapped with HARQ#2 of Bundle #2 in the retransmission, then the eNB would receive an ACK for Bundle #1 and thereby avoid resending PDSCH in HARQ#0 and HARQ#2 to the UE.  Hence it is beneficial that the eNB is able to swap HARQ processes among retransmitted bundles.


[image: image2]
Figure 2: Swapping of HARQ processes in between retransmitted bundles

Observation 1: It is beneficial to allow swapping of HARQ processes between retransmitted bundles.

In [2], it is proposed that a single DCI is used to schedule all the PDSCH in a bundle.  This would reduce the resources used to carry multiple DCIs at the expense of scheduling flexibility, i.e. each PDSCH in the bundle may have to use the same MCS & resources.  Another aspect in using this method is that the HARQ process number needs to be indicated for the PDSCHs in the bundle.  One way is to indicate the HARQ process number of the first PDSCH in the bundle and the remaining PDSCH use the next available HARQ processes.  As described in Observation 1, it is beneficial that the HARQ processes can be swapped between bundles and here the HARQ process number field can be used to indicate which HARQ process has been swapped.  An example is shown in Figure 3, here in the 1st transmission, the 4 bit HARQ process number is used to indicate the HARQ process number for the first PDSCH and in the retransmission this 4 bit HARQ process number can be used as a bit map to indicate which HARQ process has been swapped with the next PDSCH bundle.

[image: image3]
Figure 3: Indication of swapped HARQ processes

Proposal 4: If a single DCI is used to schedule the PDSCHs in a bundle:

· In the first transmission, the HARQ process number is used to indicate the HARQ process number of the first PDSCH in the bundle

· In the retransmission, the HARQ process number is used as a bitmap to indicate which HARQ process (PDSCH) is swapped with the next bundle.

3. Conclusion

In this contribution evaluated the PUCCH repetitions specified for Rel-13 eMTC and we observe the following.

Observation 1: It is beneficial to allow swapping of HARQ processes between retransmitted bundles.
We therefore propose the following:

Proposal 1: PDSCH bundles are distinguished from each other using either an end of bundle indicator or by indexing the bundle in the DCI.

Proposal 2: The switch from DL to UL is indicated in the DCI.
Proposal 3: If DCI is not used to explicitly indicate the PUCCH timing, an implicit indicator is used where the PUCCHs carrying HARQ feedbacks are transmitted in the order of the arrival of the PDSCH bundles.

Proposal 4: If a single DCI is used to schedule the PDSCHs in a bundle:

· In the first transmission, the HARQ process number is used to indicate the HARQ process number of the first PDSCH in the bundle

· In the retransmission, the HARQ process number is used as a bitmap to indicate which HARQ process (PDSCH) is swapped with the next bundle.
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