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1 Introduction 

In RAN1 #76 and the followed email discussion, we have concluded on most of the issues for HARQ feedback for eIMTA. Some of the remaining issues include: 
· HARQ-ACK feedback with PUCCH format 3, as discussed in email discussion [76-07]

· 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 discussed in email discussion [76-08]

In this contribution, we will further discuss these issues and share our views. 
2 HARQ-ACK Feedback with PUCCH Format 3

In Rel-10/11, the behavior of HARQ-ACK feedback is as follows when the UE is configured with PUCCH format 3, as summarized in [1].

· Rel-10/11 UE behavior 1: If a UE only receives PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback

· Rel-10/11 UE behavior 2: If a UE only receives SPS PDSCH on the PCell, the UE shall use the higher layer configured SPS PUCCH format 1a/b resource for HARQ-ACK feedback

· Rel-10/11 UE behavior 3: If a UE only receives SPS PDSCH and an additional PDSCH on PCell according to a PDCCH/EPDCCH with DAI = 1 or an additional PDCCH/EPDCCH indicating downlink SPS release with DAI =1, the UE shall use higher layer configured SPS PUCCH format 1a/1b resource and the implicit PUCCH format 1a/1b resource corresponding to the PDCCH/EPDCCH for HARQ-ACK feedback, and PUCCH format 1b with channel selection is used.

· Rel-10/11 UE behavior 4: If a UE receives PDSCH only on PCell according to a PDCCH/EPDCCH with DAI > 1 or a PDCCH/EPDCCH indicating downlink SPS release with DAI > 1, the TPC field in that PDCCH/EPDCCH is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.

· Rel-10/11 UE behavior 5: If a UE receives PDSCH on SCell, the TPC field in that DL grant is used as ARI to indicate a PUCCH format 3 resource for HARQ-ACK feedback.
The proposal in [1] targets at reducing the amount of implicit PUCCH resources reserved for PUCCH format 1a/1b when all the UEs are configured with PUCCH format 3. To be more specific, it removes the need for reserving resources for PUCCH format 1a/1b for the DL flexible subframes. Some analysis was provided in [1] that tries to quantify the overhead saving. The proposal was further discussed in the email discussion [76-07], with pros and cons analyzed. As an outcome of the email discussion, there are three alternatives:

Alt 1
Proposal: If TDD eIMTA is enabled on the PCell, the following UE behaviors for HARQ-ACK feedback when PUCCH format 3 is configured are supported:

· Rel-12 UE behavior 1: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, then the UE adopts PUCCH format 1a/1b for HARQ-ACK feedback if size of set K1 is 1, and adopts Rel-10 PUCCH format 1b with channel selection for HARQ-ACK feedback if size of set K1 is 2, 3, or 4. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K1, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.

· Rel-12 UE behavior 2: If a UE receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K1, if the size of set K1 is 1, 2 or 3,  and an additional SPS PDSCH without PDCCH is received in a subframe of set K2, then Rel-10 PUCCH format 1a/1b with channel selection shall be used for HARQ-ACK feedback. Implicit PUCCH format 1a/1b resources are derived according to the PDCCH/EPDCCH transmitted in the subframes of set K1. For SPS PDSCH received in a subframe of set K2, the higher layer configured SPS PUCCH format 1a/1b resource shall be used for that subframe.

· Rel-12 UE behavior 3: If a UE receives PDSCH only on PCell and receives DL grant in at least one subframe of set K2, or a PDCCH/EPDCCH indicating downlink SPS release in at least one subframe of set K2, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the PDCCH/EPDCCH transmitted in subframes of set K2 shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2.

· Rel-12 UE behavior 4: If a UE receives PDSCH on a SCell, then the UE shall use PUCCH format 3 for HARQ-ACK feedback. The TPC field in the DL grant for PDSCH on SCell shall be used as ARI to indicate the PUCCH format 3 resource. The UE shall assume the same ARI value in all DL grants for PDSCH on SCell. In case the UE also receives PDSCH or DL grant in subframes of set K2 on PCell, the UE shall assume the same ARI value in all DL grants transmitted in subframes of set K2, and equal that of ARI in all DL grant for PDSCH on SCell.

Here K1 corresponds to the set of DL subframes that already have the corresponding implicit format 1a/1b resource defined according to SIB1 configuration, and K2 is the remaining set of the DL subframes in DL reference configuration.

Alt 2



The first two behaviors in Alt 1 are replaced by the following:

· If the UE only receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K_1, or if the UE only receives PDSCH or a PDCCH/EPDCCH indicating downlink SPS release only on PCell and only in subframes of set K_1 and additionally the UE only receives a PDSCH in subframe set K_2, the corresponding Rel-10/11 UE behavior for PUCCH format 3 applies. 

· Note that the corresponding Rel-10/11 UE behaviors are restricted to subframe set K_1 or restricted to subframe set K_1 plus the SPS PDSCH subframe:

Alt 3


Introduce 2 additional bits in DL grants as ARI for PUCCH format 3, for UEs configured with PUCCH format 3 and enabled with eIMTA
If we simply follow the Rel-10/11 behavior, the only case when the implicit format 1a/1b resources for the subframe set K2 are used is when the UE only receives a PDCCH/EPDCCH with DAI = 1 (for PDSCH or SPS release) in K2 within the bundling window. This could be either the result of eNB scheduling or due to the missed detection of PDCCH/EPDCCH with DAI > 1 on PCell and/or PDCCH/EPDCCH on SCell.

Although the intention of the proposal is well understood, we do not think the complexity is well justified by the potential benefit due to the following reasons:

· The PUCCH overhead may not be an issue to begin with. eIMTA provides performance gain for low to medium load, and theoretically the eNB should use the UL-heaviest configuration that can accommodate the DL traffic, in order to reduce the interference and save energy. Although configuration 5 is a possible DL reference configuration and PUCCH is only transmitted in SF#2 in this case, there are more UL subframes available most of the time. PUCCH may occupy a relatively large portion of UL resource in SF#2. However, overall there would still be sufficient UL resources.
· The issue can be further alleviated by eNB implementation, even though none of these solutions is perfect.
· The eNB can choose to avoid or minimize scheduling PDCCH/EPDCCH with DAI = 1 in set K2. The drawback would be the associated scheduling restriction.

· The eNB can choose to ignore the error cases (the missed detection of PDCCH/EPDCCH) if the probability is considered as sufficiently low.
· The eNB does not have to always reserve the entire PUCCH resource region corresponding to all the flexible subframes. Based on the actual scheduling, the eNB could reuse some of these PRBs when the eNB knows that there will be no HARQ-ACK transmission on these PRBs.

· The new proposals also have some undesirable implications.

· Alt 1, as discussed in the email discussion, has the following complications:

· It introduces new detection behavior for eNB. Even when the UE is only scheduled within set K1, the behavior is different from Rel-10/11 behavior.
· The TPC field cannot be used for power control for PDCCH/EPDCCH in set K2. This would force the eNB to use DCI format 3/3A for PUCCH power control in these subframes. This introduces additional overhead and increases the load on common search space.

· The proposal in Alt 2 is not clear and needs further clarification.

· Alt 3 obviously requires two additional bits in DCI format.

Considering all these factors together, the new proposals are not well justified.

Proposal 1: Rel-10/11 behaviors on HARQ-ACK feedback with PUCCH format 3 is reused for eIMTA.

3 Interpretation of UL DAI/Index for UL Reference Configuration 0 
In eIMTA, if the TDD Configuration in SIB1 is configuration 0 and the DL reference configuration is choose from configuration {2, 4, 5}, both UL Index for co-scheduling of two UL SFs and UL DAI for detecting if at least one DL transmission is missing are useful. In the email discussion [76-08], the following alternatives were discussed and summarized in [2].
Alternative 1: The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration. 
Alternative 2-1: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for all the dynamically indicated configurations other than configuration #0 and assuming predefined subframe-specific UL index values.
Alternative 2-2: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for some of the dynamically indicated UL-DL configurations.

For configurations #0 and #6: UL index. For other configurations:  UL DAI.

Alternative 2-3: The UL DAI can be used in DCI format 0/4, where the usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe, i.e., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).

Alternative 3: Introduce two additional bits in DCI format 0/4 (so that both UL index and UL DAI exist)
As a principle, we would like to avoid any possible inconsistent understanding of the field between the eNB and the UE. One of the main reasons to adopt the DL and UL reference configuration for HARQ-ACK timing instead of the actual configuration is to avoid the dependency on the reliability of the reconfiguration DCI signaling. Even though the reconfiguration DCI signaling is reliable generally speaking, there is no reason to change the principle for the issue discussed here. So we should be consistent and keep the same principle. Alt 2-1 and 2-2 are not aligned with this principle.
It is important that all the UL subframes are schedulable for each possible configuration. There is no particular reason to de-prioritize any of the configurations. Alt 2-1 can only schedule 4 out 5 UL subframes when the actual configuration is 6, which is not preferred.
Alt 2-1, 2-2 and 2-3 have a common drawback that in some cases UL DAI is present when it is not useful. UL DAI is only useful for the subframes that carry HARQ-ACK (i.e. the UL subframes in the DL reference configuration). In other cases, UL DAI is not useful, and it would be more beneficial to use the field as UL index instead for more flexible scheduling. It is difficult to address this issue in general for Alt 2-1 and 2-2, because the situation is different for each actual configuration. For Alt 2-3, UL DAI is only useful in subframe #6 (PUSCH in SF#3) when the DL reference configuration is 4. Therefore it can be further refined as follows without affecting the benefit:
Alternative 2-3a: The UL DAI can be used in DCI format 0/4, where UL DAI is used in subframe #6 (with UL index value always set to 01) when the DL reference configuration is 4.

For both Alt 2-1 and 2-2, it is not possible to use a single set of pre-defined UL index for all the configurations. With actual configurations 1-5, the possible UL subframes include subframes #2, #3, #4, #7, #8 (a total of 5 subframes), although for each configuration there is only up to 4 UL subframes. Any pre-defined UL index can only support the scheduling of 4 subframes, not 5. Thus it would be necessary to define different UL index values for different configurations (at least two sets). This brings additional complexity.
Alt 3 can address all the potential issues, but the associated cost is 2 additional bits in DCI format 0/4. This brings additional overhead in DL. It is unclear whether this additional cost is well justified given that the traffic is mostly DL centric.

With this analysis, our preference is Alt 2-3a. It is also clear that if RAN1 cannot reach any consensus, the default behavior would be Alt 1. Alt 2-3a provides limited gain with minimal complexity compared to Alt 1, without introducing any issues that the other options have.

Proposal 2: For the UL reference configuration 0, adopt Alt 2-3a, i.e. UL DAI is used only in subframe #6 (with UL index value always set to 01) when the DL reference configuration is 4, while UL index is used in all other cases.
4 Conclusions
In this contribution, we have discussed the remaining issues on HARQ-ACK feedback on PUSCH and PUCCH for eIMTA. The following are proposed:
Proposal 1: Rel-10/11 behaviors on HARQ-ACK feedback with PUCCH format 3 is reused for eIMTA.

Proposal 2: For the UL reference configuration 0, adopt Alt 2-3a, i.e. UL DAI is used only in subframe #6 (with UL index value always set to 01) when the DL reference configuration is 4, while UL index is used in all other cases.
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