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1. Introduction
The following agreement and conclusion were made in RAN1#75 for HARQ-ACK feedback in dynamic TDD UL-DL reconfigurations [1]:

· Conclusion:

· FFS whether or not to specify a set of valid combinations between L1 signaled configurations and DL/UL HARQ reference configurations

· The following working assumption is confirmed:

· Working assumption:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

· Agreement:

· For UEs configured with eIMTA and CA, up to 2 CCs with DL HARQ reference configuration #5 can be supported

· Conclusion:

· FFS at least the following issues:

· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

· HARQ-ACK on PUSCH related issues (e.g., DAI handling, ACK/NAK payload size, etc.)

· For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL
This contribution discusses the remaining details of HARQ-ACK feedback in TDD eIMTA.

2. Discussions
2.1. PUCCH formats for HARQ-ACK feedback
As already mentioned in the email discussion [75-38], it is more desirable that the selection of PUCCH format (e.g., HARQ-ACK bundling, PUCCH format 1b with channel selection, PUCCH format 3) for eIMTA UE is totally dependent on an eNB implementation, and it is not necessary to describe whether or not a certain PUCCH format is supported for TDD eIMTA in the specification. In other words, having multiple options for HARQ-ACK feedback allows a trade-off between DL throughput and UL overhead (UL coverage). 

Proposal 1: All existing PUCCH formats shall be supported for HARQ-ACK feedback for TDD eIMTA.
2.2. PUCCH resource collision issue 
For HARQ-ACK feedback for PDSCH in TDD systems, when eIMTA UE is configured with HARQ-ACK bundling or PUCCH format 1b with channel selection, the corresponding PUCCH resource is determined in accordance to the UL/DL configuration and the (E)CCE index of the DL assignment. If legacy UE follows the configuration indicated by SIB and eIMTA UE follows DL reference configuration indicated by high layer signalling, different number of associated subframes as well as different order of associated DL subframes in a UL subframe between legacy UE and eIMTA UE can occur. Hence, the PUCCH resource collision between legacy UE and eIMTA UE occurs. This PUCCH resource collision also occurs in the fallback operation of PUCCH format 3. This is because when an ARI for PUCCH resource indication is not available in eIMTA-enabled Pcell, the fallback operation to PUCCH format 1a/1b or PUCCH format 1b with channel selection is performed. To resolve the PUCCH resource collision, following options could be considered:
Option 1: Separated PUCCH resource region for legacy and eIMTA UE
As shown in Figure 1, the PUCCH resource region can be separately reserved for legacy and eIMTA UE. The eIMTA UE could calculate the offset of PUCCH resource according to the configuration of legacy UE. However, this option has poor PUCCH resource utilization and reserve excessive PUCCH region especially at UL subframe #2 when TDD UL-DL configuration 5 is used for DL HARQ reference configuration. 
Option 2: Share PUCCH region for the common DL subframes within bundling windows between legacy UE and eIMTA UE and then separate PUCCH region for remaining DL subframes of eIMTA UE.  
In option 2, eIMTA UE can reorder PUCCH resource packing order within bundling window by comparing DL HARQ reference configuration with SIB configuration, so that total PUCCH region can be reduced compared with option 1. It is desirable to share PUCCH region between legacy UE and eIMTA UE as much as possible to compress total PUCCH region. For further optimization, the PUCCH region of the remaining DL subframes not overlapped with legacy UE’s DL subframes could be reordered with the subframe with less changing possibility first then the subframes with more changing possibility next as shown in Figure 1. When several last subframes are not configured to DL, the network could configure the unused PUCCH region for PUSCH transmission. 
Proposal 2: It is desirable to share PUCCH region for the common DL subframes within bundling windows between legacy UE and eIMTA UE and then separate PUCCH region for remaining DL subframes of eIMTA UEs.
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Figure 1. PUCCH resource determination options for TDD eIMTA
In case of EPDCCH monitoring subframes, different options could be applied since PUCCH resource collision could be resolved by using ARO. Above discussed options could be applied to PDCCH monitoring subframes only.
As one other option, dynamically changing the size of A/N bundling window for a dynamically indicated configuration was considered for eIMTA UE in [2]. However, for many cases bundling window lies across multiple radio frames, so if a UE misses reconfiguration message for certain radio frame, HARQ-ACK feedback resource ambiguity and PUCCH resource collision to the other UEs can occur. Therefore, it is not desirable to change the size of A/N packing window dynamically.
2.3. HARQ-ACK feedback on PUSCH
There was the email discussion [75-39] on whether to use UL DAI or UL index in DCI format 0 and 4, when UL-DL configuration 0 is configured in as UL reference configuration. As already mentioned, it is desirable that the interpretation of UL index or UL DAI field in DCI format 0 and 4 is independent of the received UL-DL reconfiguration DCI due to the issues like ambiguity caused by reconfiguration DCI detection error, handling the interpretation across radio frame boundary, and impact on UE implementation to enable sequential DCI decoding. With this principle, when UL-DL configuration 0 is configured as the UL reference configuration, the baseline can be interpreting the corresponding 2-bit field in DCI format 0 and 4 as UL index. 
With regard to the UL DAI value to be assumed at the UE, our understanding is that the current specification was based on the principle that the maximum possible HARQ-ACK bits are assumed. In the conventional operation without TDD eIMTA, this principle can be kept by using the bundling window size M, and under the operation of TDD eIMTA, there is a room for further optimization to reduce the number of assumed HARQ-ACK bits without any possibility of eNB-UE misalignment. To be specific, once a UE receives UL grant which schedules PUSCH in a flexible UL subframe, it already knows that a certain set of flexible subframes cannot be used for PDSCH transmissions. For a better understanding, let’s take an example that UL-DL configuration 0 and 5 are configured as UL reference configuration and DL reference configuration, respectively. It is assumed that a UE receives UL grant (with UL index of ‘11’) in DL subframe #5 which schedules PUSCH transmissions in both a flexible UL subframe #9 and a static UL subframe #12. Considering the existing 7 UL-DL configurations, the UE knows that the actual UL-DL configuration applied during the one reconfiguration period can be only UL-DL configuration 0. This is because only UL-DL configuration 0 has two UL subframes in both a subframe #9 and a subframe #12, and this conclusion is also effective regardless of whether the UE decodes the reconfiguration DCI correctly. So, it is possible to exclude 5 subframes from the total number of subframes which belong to bundling window size 9 in counting the maximum number of HARQ-ACK bits. If the multiple actual UL-DL configuration candidates are derived by this principle, the UL-DL configuration which has the largest size of DL subframe set among these candidates is finally used for counting the maximum number of HARQ-ACK bits. In the same example, if a UE receives UL grant (with UL index of ‘11’) in DL subframe #6 which schedules PUSCH transmissions in both a static UL subframe #12 and a flexible UL subframe #13, the UE knows that the actual UL-DL configuration applied during the one reconfiguration period can be one of multiple candidates, i.e., UL-DL configuration 0, 1, 3, 4, and 6. In this case, UL-DL configuration 4 is finally selected by the UE for counting the maximum number of HARQ-ACK bits.
If the concerned two bits are interpreted as UL DAI for optimization toward DL performance under the principle that such an optimization requires no dependency of the reconfiguration DCI, such an interpretation needs to be limited a subset of subframes in consideration of the potential UL subframes used for HARQ-ACK transmission. Let’s take an example where SIB1 configuration is 0 and DL HARQ reference configuration is 5. In this example, HARQ-ACK is transmitted only in SF #2, so any UL grants scheduling PUSCH in the other SFs do not need to have UL DAI. This implies that, at least for UL grants transmitted in SF #0 and #1 that can schedule PUSCH in SF #4, #7, #8, using the two bits as UL DAI is a meaningless operation which just incurs unnecessary scheduling restriction. In other words, at least the two bits in SF #0 and #1 should be interpreted as UL index in this example.
There also was the email discussion [75-39] on HARQ-ACK feedback on PUSCH, when UL scheduling grant is transmitted earlier than the latest DL subframe within the bundling window, since UL DAI cannot indicate the total number of the subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window. This issue already exists in Rel-11 inter-band TDD CA. Therefore, even for the problematic case, if the UL DAI field is valid, the UL DAI can be used to determine the number of HARQ-ACK bits because the value of UL DAI is properly determined by eNB implementation, with consideration for the additional number of DL subframes (within the bundling window) which will be scheduled.
Proposal 3: The interpretation of UL index or UL DAI field in DCI format 0 and 4 should be independent of the received UL-DL reconfiguration DCI. For further optimization, the number of HARQ-ACK bits can be determined based on whether a UE receives UL grant which schedules PUSCH in a flexible UL subframe, since the UE already knows that a certain set of flexible subframes cannot be used for PDSCH transmissions.
Proposal 4: If UL DAI exists in DCI format 0/4, the number of HARQ-ACK bits for transmission on PUSCH is determined by UL DAI.
3. Conclusion
This contribution discusses the remaining details of HARQ-ACK feedback in TDD eIMTA. Our proposals are as follows;
Proposal 1: All existing PUCCH formats shall be supported for HARQ-ACK feedback for TDD eIMTA.
Proposal 2: It is desirable to share PUCCH region for the common DL subframes within bundling windows between legacy UE and eIMTA UE and then separate PUCCH region for remaining DL subframes of eIMTA UEs.
Proposal 3: The interpretation of UL index or UL DAI field in DCI format 0 and 4 should be independent of the received UL-DL reconfiguration DCI. For further optimization, the number of HARQ-ACK bits can be determined based on whether a UE receives UL grant which schedules PUSCH in a flexible UL subframe, since the UE already knows that a certain set of flexible subframes cannot be used for PDSCH transmissions.
Proposal 4: If UL DAI exists in DCI format 0/4, the number of HARQ-ACK bits for transmission on PUSCH is determined by UL DAI.
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