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1
Introduction
In RAN1 #87 the following agreements were made in relation to HARQ-ACK bundling [1] –

Agreements: 

· 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

Agreement: If repetition is used for M-PDCCH or PDSCH, HARQ-ACK bundling is not used
Continue discussion at RAN1#88.

In this contribution, we discuss further details related to supporting HARQ-ACK bundling and scheduling for FeMTC UEs.
2
Discussion
As seen above, it has been agreed that the maximum number of HARQ-ACK bundles supported is 3. Furthermore, it has been previously agreed that the maximum size of each bundle is 4. Although bundling is not used when NPDCCH or PDSCH is transmitted with repetition, non-bundled transmission, with or without repetition, is possible even after bundling is configured through RRC signaling. Thus, it is possible that an individual transmission is not bundled.
There are three options for scheduling bundled transmission:

Option A: Each transport block in a bundle is scheduled by a separate MPDCCH.

Option B: All the transport blocks in a bundle are scheduled by a single MPDCCH.

Option C: All the bundles are scheduled by a single MPDCCH.

Option A

This option comprises the normal scheduling method, illustrated in Figure 1, and provides the flexibility for the DCI for each transport block to indicate the resource assignment, MCS, RV, and NDI independently. This flexibility may not be required, however. If a single MPDCCH in the bundle is lost, only the corresponding PDSCH cannot be decoded. The bundled HARQ-ACK will still indicate a NACK, however when it is formed from the XOR of the individual HARQ-ACKs. Therefore, there is no advantage to the UE being able to decode some of the PDSCH transport blocks in the bundle unless the bundled HARQ-ACK can somehow indicate which transport blocks were not received. Furthermore, each MPDCCH should include enough information for the UE to correctly generate the bundled HARQ-ACK for all the transport blocks.
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Figure 1. Scheduling each PDSCH transport block with a separate MPDCCH.
The timing for the bundled HARQ-ACK transmission can be based on pre-defined rules. For this implicit timing, it may be necessary to indicate in the DCI the total number of bundles, the bundle number of the current transmission, the size of the bundle, and the PDSCH transmission number within the current bundle to enable the UE to determine whether it has received all the MPDCCH/PDSCH transmissions and correctly determine the bundled HARQ-ACK timing. In the absence of some of this information the UE would not be able to handle error cases when some transmissions within a bundled sequence are lost. Alternatively, the timing of the HARQ-ACK can be explicitly indicated in the DCI when scheduling the PDSCH. The bundled HARQ-ACK then merely corresponds to all the HARQ-ACKs for which the timing coincides. Even in this case, inclusion of some bundle information is necessary to allow the UE to correctly generate the HARQ-ACK corresponding to the bundle. The eNB is responsible for ensuring that the bundle size does not exceed 4, i.e., no more than 4 PDSCHs are associated with the same subframe for a bundled HARQ-ACK.

Option B
In this case, a single MPDCCH schedules all the transport blocks in the bundle, as depicted in Figure 2, and the overhead due to MPDCCH is reduced, especially for larger bundle sizes. With this option, a common resource assignment, MCS, RV, and NDI can be indicated for all the PDSCH transport blocks in a bundle, thereby avoiding overhead increase related to separate indication of these fields. This restricts new transmissions from being bundled together with retransmissions, but this should not be an issue since bundled HARQ-ACKs cause entire PDSCH bundles to be retransmitted. On the other hand, the DCI would need to indicate the size of the current bundle to enable the UE to correctly receive all the PDSCH transport blocks and generate the corresponding bundled HARQ-ACK.
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Figure 2. Scheduling each PDSCH bundle with a single MPDCCH.
The timing for the HARQ-ACK can again be based on rules using other indicated information or through explicit indication. In the former case, it would be necessary to indicate bundling information to enable the UE to correctly determine the timing. In the latter case, the timing for each bundle can be indicated relative to the last PDSCH of the bundle using partial bundle information.

Since bundling is not used with MPDCCH and PDSCH repetition, the DCI bits used to indicate MPDCCH repetition can be repurposed to indicate other information. Therefore, the increase in DCI overhead can be further contained.

Option C

This option would require indicating some DCI fields separately for each bundle or otherwise severely restrict the scheduler. Furthermore, the loss of the MPDCCH would result in the inability to receive any bundle.

Comparing the different options, our view is that Option B is preferable.

Proposal 1: A single MPDCCH is used to schedule all PDSCH transport blocks in a bundle.

The size of each bundle can range from 1 to 4, to indicate which 2 DCI bits are necessary. Even if support is restricted to three sizes, 2 bits would be necessary.

Proposal 2: The size of each bundle is indicated using 2 bits in the DCI.

If the size of each bundle is indicated, then it is not necessary to also indicate the HARQ process number for all the transport blocks in the number under the assumption that the HARQ process numbers within the bundle are contiguous. The HARQ process number for either the first or last transport block can be indicated and the HARQ process numbers for the other transport blocks can be determined based on the size of the bundle. This is not viewed as being very restrictive either for new transmissions or retransmissions.
Proposal 3: The HARQ process numbers for different transport blocks in a bundle are contiguous and the HARQ process number corresponding to only the first or last transport block in the bundle is indicated in the DCI.

Implicit HARQ-ACK timing can be derived from the timing of the last PDSCH of each bundle as well as the last PDSCH of the last bundle. That is, the bundled HARQ-ACK must have a delay of at least 3 ms after the last PDSCH of the bundle to allow for PDSCH processing and HARQ-ACK preparation. It must also have a delay of 1 ms after the last PDSCH of the last bundle to allow the UE to switch from DL reception to UL transmission. Furthermore, the different bundled HARQ-ACKs should not overlap. This is illustrated in Figure 3, where the assumption is that HARQ-ACK transmission is in the earliest possible subframe after the end of the bundled PDSCH transmission.
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Figure 3. Bundled HARQ-ACK transmission.
Figure 4 shows a transmission with 3 bundles where the UE is unable to decode the MPDCCH scheduling the first bundle (marked with a red X in the figure). Therefore, the UE is also unable to decode the PDSCH transmissions scheduled by this MPDCCH. In order that the UE detects this loss, both the total number of bundles and the current bundle number must be indicated in the DCI. This will enable the UE to correctly determine the timing for the subsequent bundles after either skipping the HARQ-ACK transmission of the first bundle (as illustrated in the figure) or by a transmitting a NACK for the corresponding bundle. If only the current bundle number is indicated but not the total number of bundles, loss of the last bundle cannot be detected and would also lead to incorrect HARQ-ACK timing using the implicit approach. Therefore 2 DCI bits would be necessary to indicate the number of bundles and 2 DCI bits would be needed to indicate the current bundle number. Alternatively, indication of the bundling configuration in combination with HARQ process number indication (already included in the DCI) can provide this information.
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Figure 4. Bundled HARQ-ACK transmission with a lost MPDCCH.
The other alternative for bundled HARQ-ACK timing is explicit indication in the DCI. Figure 5 shows the HARQ-ACK delay values relative to the last PDSCH in each bundle for the same bundling configuration (bundle sizes of 4, 3, and 3) with 10 HARQ processes considered in previous figures. It is seen that the HARQ-ACK delay values for the three bundles are 4, 6, and 8.

[image: image5.png]Subframée 0 1 2 3 4 5 6 7 8 9 0 1
MPDCCH | o

PDSCH wlm|w|s

n_| MPDCCH (bundien) | #k | PDSCH (processk) | n | Bundied ULACK/NACK n

Switching subframe





Figure 5. Bundled HARQ-ACK delays for one example bundling configuration with 10 HARQ processes.

For another bundling configuration (sizes of 2, 4, and 4) with 10 HARQ processes, the HARQ-ACK delay values are shown in Figure 6. The delay values for the three bundles in this case are 4, 7, and 10. It is seen that with 10 HARQ processes, the longest delay (corresponding to the shortest first bundle of size 2) is 10. The smallest delay value is 4.
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Figure 6. Bundled HARQ-ACK delays for a second example bundling configuration with 10 HARQ processes.

For bundling configurations with fewer HARQ processes, the largest HARQ-ACK delay value would be less than 10. It is therefore clear that the set of possible delay values are in the range (4,10) and hence 3 bits in the DCI would be sufficient to indicate the delay of the bundled HARQ-ACK relative to the last PDSCH of a bundle. However, the scheduler is responsible for ensuring that the HARQ-ACK timing values for the different bundles are correctly indicated to avoid any conflicts. Although no information about other bundles are indicated in the MPDCCH for a particular bundle, the UE does not need this information to generate and transmit the bundled HARQ-ACK with this approach. Explicitly indicating the HARQ-ACK timing also prevents any timing ambiguity in error cases caused by the loss of MPDCCH for individual bundles. Based on the preceding discussion, we have a slight preference for this method of indication.
Proposal 4: The HARQ-ACK delay for the bundle is indicated using 3 bits in the DCI.
The delay value to be indicated for each PDSCH can be tied to the HARQ process number of the last transport block in the bundle and the bundling configuration. This can be explained as follows. Let P be the number of HARQ processes used in the bundled transmission, Then the HARQ process numbers for these P processes are p = 0, 1, …, P-1. The eNB scheduler decides on a bundling configuration {X,Y,Z}, where X+Y+Z≤10. For a single bundle, Y=Z=0 and, for 2 bundles, Z=0. The P processes are then mapped to the bundles per this configuration. Let b denote the bundle number being scheduled by the current DCI and pb the process number for the last HARQ process number in bundle b. Then

d = max(P+1–pb+b,4)
is the delay that needs to be indicated in the DCI to ensure that the minimum delay constraint is satisfied and there is no HARQ-ACK timing conflict for different bundles A delay value of d means that for a PDSCH bundle ending in subframe n, the bundled HARQ-ACK is transmitted in subframe n+d. The delay corresponds to valid subframes after the PDSCH reception. The above method ensures that the minimum HARQ-ACK delay for all processes in the bundles is at least 3 ms. It may result in the bundled HARQ-ACKs being non-contiguous in some cases. If contiguous HARQ-ACKs are desired, however, the above equations can be adjusted. For non-bundled transmissions, legacy HARQ-ACK timing is followed.

Since the DCI in the bundling case must indicate information that is not relevant for the non-bundled case, it would be useful to include 1 bit in the DCI to indicate whether the DCI is for bundled PDSCH transmission or non-bundled PDSCH transmission.

Proposal 5: A single bit in the DCI indicates whether the associated PDSCH transmission is bundled or non-bundled.

As noted earlier, repetition of MPDCCH and PDSCH is not used with bundling. Therefore, the DCI fields used to indicate the repetition number of the DCI subframe (2 bits) and the associated PDSCH (2 bits) can be repurposed to indicate HARQ-ACK timing.

Proposal 6: The DCI bits for indication of DCI subframe repetition number and the associated PDSCH repetition number with no bundling are used to indicate information related to bundling operation and/or HARQ-ACK timing when bundling is enabled in the DCI.
3
Conclusion

In this contribution, further details related to supporting HARQ-ACK bundling and scheduling for FeMTC UEs are discussed. The following proposals are made.

Proposal 1: A single MPDCCH is used to schedule all PDSCH transport blocks in a bundle.

Proposal 2: The size of each bundle is indicated using 2 bits in the DCI.

Proposal 3: The HARQ process numbers for different transport blocks in a bundle are contiguous and the HARQ process number corresponding to only the first or last transport block in the bundle is indicated in the DCI.

Proposal 4: The HARQ-ACK delay for the bundle is indicated using 3 bits in the DCI.
Proposal 5: A single bit in the DCI indicates whether the associated PDSCH transmission is bundled or non-bundled.

Proposal 6: The DCI bits for indication of DCI subframe repetition number and the associated PDSCH repetition number with no bundling are used to indicate information related to bundling operation and/or HARQ-ACK timing when bundling is enabled in the DCI.
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