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1 Introduction 

In RAN1 #75, for HARQ details in TDD eIMTA, the following issues were concluded for FFS:

· Discuss 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.

· Discuss 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.

In the email discussion [75-39] on HARQ-ACK feedback on PUSCH for eIMTA [1], the possible solutions have been summarized.
In addition, whether to support PUCCH format 1b with channel selection, PUCCH format 3, and HARQ-ACK bundling is still open issue. There was another email discussion [75-38] PUCCH for TDD eIMTA initiated, which was summarized in [2].

In this contribution, we will further discuss these open issues and share our views. 
2 HARQ-ACK feedback on PUSCH for eIMTA 
2.1 Usage of UL DAI and UL index in DCI format 0/4
For the usage of UL DAI and UL index in DCI format 0/4, the following alternatives were summarized in [1]
· 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: The UL DAI can be used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration.
· Alternative 2-1: Using UL DAI in all subframes and assuming predefined subframe-specific UL index values.

· Alternative 2-2: Using UL DAI in all subframes for some of the actual UL-DL configurations.
· Alternative 2-3: The usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , e.g., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).
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. If simply assuming the value of UL DAI as the bundling window size M according to the DL HARQ reference configuration as in Alternative 1, both data and HARQ performance may be degraded due to more HARQ feedback bits on PUSCH. Therefore, it would be beneficial to include the UL DAI in DCI format 0/4 if possible, when UL-DL configurtation 0 is configured as UL reference configuration. However, we have the following considerations:

1. We should still be able to schedule all the potential UL subframes, i.e., all the 6 UL subframes in configuration 0.

2. We would like to avoid any possible inconsistent understanding of the field between the eNB and the UE. For example, if the meaning of the field depends on the actual configuration, the eNB and the UE would have different understanding when the UE misses the L1 reconfiguration signaling for any reason.

Therefore, we support Alterntive 2-3, where the meaning of the field is pre-defined in the specifications. As one example, the 2-bit field on subframes {0, 5} is used as UL index for co-scheduling of two UL SFs, while the 2-bit field on subframes {1, 6} is used as UL DAI for DL HARQ. In order to be able to schedule all the possible UL subframes, the UL Index of an UL grant on SF {1,6} is fixed as ‘01’. With this scheme, the UL DAI information is limited to UL grants of UL SF #3 and #8. In case there is not UL DAI available, we could simply follow the legacy behavior and use the bundling window size M. This has very limited specification impact, with some performance gain, which provides a good tradeoff in our view.
Proposal 1: Supprot Alternitive 2-3: The usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , e.g., using UL DAI in subframe #1 and #6 (with UL index value always set to 01). 
2.2 HARQ-ACK transmission on PUSCH when UL DAI is not transmitted in the latest subframe of bundling window
For HARQ-ACK transmission on PUSCH when UL DAI is not transmitted in the latest subframe of bundling window, th following alternitives were summarized as below in [1]:
· Alternative 1: The number of HARQ-ACK bits is determined by UL DAI and no further specification is required.
· Alternative 2: The number of HARQ-ACK bits is determined by the size of bundling window.
· Alternative 2-1: The number of HARQ-ACK bits is determined by the size of the bundling window for the DL HARQ timing reference configuration.

· Alternative 2-2: The number of HARQ-ACK bits is determined by the size of the bundling window of actually used TDD UL-DL configuration.
· Alternative 2-3: The number of HARQ-ACK bits is determined by the sum of UL DAI plus X, where X is determined from the size of the bundling window for the DL HARQ timing reference configuration and the number of DL subframes located after the DL subframe used to transmit UL_grant.  
· Alternative 3: Cross-subframe scheduling

When SIB1 configuration is 1, 6 and possibly 0 (depending on whether UL DAI is used for configuration 0), there is a potential issue that the UL grant with DAI for an UL reference configuration is not sent on or after the last DL transmission instance in the DL HARQ bundling window for a DL reference configuration. The question is how to interpret the UL DAI in this case and how to determine the number of HARQ-ACK bits. The simplest way would be to keep the meaning of the UL DAI, i.e., the number of HARQ-ACK bits is still determined by UL DAI, and count on the eNB implementation to set the value appropriately. With this approach, no specification change is needed. In fact, the 3 approaches in Alternative 2 can all be achieved using an implementation-based approach. Therefore, we propose:

Proposal 2: Supprot Alternitive 1: The number of HARQ-ACK bits is determined by UL DAI and no further specification is required.
3 HARQ-ACK feedback on PUCCH for eIMTA 
PUCCH format 1b with channel selection
Following the legacy behavior, PUCCH format 1b with channel selection (1bCS) should be supported for eIMTA with DL reference configuration 2 and 4, but not for configuration 5. 

One issue that was raised for PUCCH format 1bCS is that there could be PUCCH resource conflict between the legacy UEs (which follow SIB1 timing) and the eIMTA UEs (which follow the DL reference configuration), because the bundling window for different configurations can be different. A possible way to resolve this issue without too much additional overhead is to reuse the existing PUCCH resource mapping for the subframes with same HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, as summarized in [2].
Proposal 3: PUCCH format 1b with channel selection is supported for eIMTA with DL reference configuration 2 and 4, not configuration 5. Some simple approach can be adopted to address the potential PUCCH resource collision issue.
PUCCH format 3
PUCCH format 3 should be supported for eIMTA. Considering that in typical small cell deployment scenarios, UE transmit power is seldom a limiting factor, it would be beneficial to support format 3 for both non-CA-capable and CA-capable UEs. In addition, configuration 5 is likely to be the DL reference configuration. Without PUCCH format 3, there could be significant performance degradation from HARQ-ACK bundling. 

Proposal 4: PUCCH format 3 is supported for eIMTA, regardless of UE’s CA capability.
HARQ-ACK bundling

The main issue regarding HARQ-ACK bundling is whether the performance degradation from HARQ-ACK bundling is still acceptable. With eIMTA, there can be subframes with significantly different interference within a bundling window, thus much less correlation between the HARQ-ACK status of PDSCH transmission in different subframes. In this situation, HARQ-ACK bundling could result in significant performance loss. This is different from systems without eIMTA. Therefore it is not the highest priority to support it for eIMTA. However, if it can be supported without much additional effort, it should still be supported. By reusing the scheme for format 1bCS to address the PUCCH resource collision issue, it can be readily supported.
Proposal 5: HARQ-ACK bundling is supported if there is minimum additional specification impact.
4 Conclusions
In this contribution, we have discussed HARQ-ACK feedback on PUSCH and PUCCH for eIMTA. The following are proposed:
Proposal 1: Supprot Alternitive 2-3: The usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , e.g., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).
Proposal 2: Supprot Alternitive 1: The number of HARQ-ACK bits is determined by UL DAI and no further specification is required.
Proposal 3: PUCCH format 1b with channel selection is supported for eIMTA with DL reference configuration 2 and 4, not configuration 5. Some simple approach can be adopted to address the potential PUCCH resource collision issue.
Proposal 4: PUCCH format 3 is supported for eIMTA, regardless of UE’s CA capability.
Proposal 5: HARQ-ACK bundling is supported if there is minimum additional specification impact.
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