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1. Introduction
In this contribution, we discuss the remaining details on HARQ-ACK feedback in TDD eIMTA. 
2. Discussions
2.1. Usage of UL DAI and UL index in DCI format 0/4
There was the email discussion [76-8] on whether to use UL DAI or UL index in DCI format 0/4, when UL-DL configuration 0 is configured in as UL reference configuration. Our understanding is that the current specification was based on the principle that this 2-bit field is interpreted as UL index, and the maximum possible HARQ-ACK bits are assumed for the HARQ-ACK transmission on PUSCH. However, considering is a room for the further optimization to reduce the number of assumed HARQ-ACK bits under the operation of TDD eIMTA, the following alternatives were discussed.
· 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 SFs for all the dynamically indicated configurations other than configuration #0 and assuming predefined SF-specific UL index values.

· Alternative 2-2: The UL DAI can be used in DCI format 0/4, using UL DAI in all SFs 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 SF , i.e., using UL DAI in SF #1 and #6 (with UL index value always set to 01).
Since UL DAI is fundamentally used for reducing HARQ-ACK bits being transmitted on PUSCH, if the concerned 2-bit field is interpreted as UL DAI, such an interpretation needs to be limited a subset of SFs in consideration of the potential UL SFs (e.g., UL SFs of DL-HARQ reference configuration) used for HARQ-ACK transmission. In other words, UL DAI may not be useful at least in a certain SF. Let’s take an example that SIB1 configuration and DL-HARQ reference configuration are set to UL-DL configuration #0 and #5, respectively. In this example, the HARQ-ACK feedback is transmitted only in UL 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 2-bit field as UL DAI is a meaningless operation which just incurs an unnecessary scheduling restriction. In other words, at least the 2-bit fields in SF #0 and #1 should be interpreted as UL index in this example. In addition, according to our analysis on the evaluation results provided in [1], UL-DL configuration #0 (i.e., DSUUUDSUUU) was selected by an eIMTA-enabled cell with a relatively high probability (e.g., 15%). This implies that it needs to use the 2-bit field in a certain SF as UL index to support the maximum UL scheduling. It is noteworthy that operation of eIMTA has the tendency of boost DL performance at the cost of some loss in UL performance by the nature of changing UL resource to DL resource. So, any further impact on UL performance needs to be carefully considered. Furthermore, it is desirable that the interpretation of UL index or UL DAI field in DCI format 0/4 does not depend on the received UL-DL reconfiguration DCI. This is because there can be some ambiguity on the number of assumed HARQ-ACK bits between eNB and UE due to the reconfiguration DCI detection error.
Proposal 1: For the further optimization, if the 2-bit field in DCI format 0/4 is interpreted as UL DAI, such an interpretation needs to be limited a subset of SFs in consideration of the potential UL SFs used for HARQ-ACK transmission. The interpretation of UL index or UL DAI field in DCI format 0/4 should be independent of the received UL-DL reconfiguration DCI.
2.2. Ordering of the HARQ-ACK bits for PUCCH format 1b with channel selection
The following agreement was made on HARQ-ACK bits ordering from the email discussion [76-06]:

· For PUCCH format 3, the currently specified principle is used 

· FFS: For PUCCH format 1b with channel selection
With regard to the FFS point in the above agreement, the following two main alternatives were identified during the email discussion:
· Option 1: The order of HARQ-ACK bits is determined according to the original downlink association set index K in Table 10.1.3.1-1 of TS 36.213. 

· Option 2: In addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits.

In Option2, when PUCCH format 1b with channel selection is configured for an eIMTA UE, the order of HARQ-ACK bits follows the SF indexing used for PUCCH resource packing. However, in Option 1, the order of HARQ-ACK bits follows the SF indexing of DL-HARQ reference configuration instead of the SF indexing used for PUCCH resource packing. Generally, the fixed DL/special SFs are more likely to be used for PDSCH transmission than the flexible SFs. Considering this aspect, Option 2 is more suitable for providing same level of codebook size reduction with the legacy operation. Let’s take an example that ‘M = 4’ (e.g., {fixed DL SF#0, flexible DL SF#1, fixed DL SF#2, flexible DL SF#3}) and the first two fixed DL SFs (i.e., {fixed DL SF#0, fixed DL SF#2}) are used for PDSCH transmission. Here, it is assumed that the fixed DL SF#0 and #2 have the same HARQ timing for both eIMTA and non-eIMTA UEs. In this example, Option 2 can provide the same performance as using the channel selection table with ‘M = 2’. This is because the PUCCH resource for the fixed SFs having the same HARQ timing for both eIMTA and non-eIMTA UEs is firstly packed and the exiting channel selection table has a nested structure. On the other hand, Option 1 cannot guarantee the codebook size reduction in the same situation, because the SF indexing of DL-HARQ reference configuration used for HARQ-ACK bits ordering is not aligned with the SF indexing used for PUCCH resource packing. Therefore, it is more desirable to adopt Option 2 for HARQ-ACK bits ordering.
Proposal 2: For PUCCH format 1b with channel selection, in addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits
2.3. Implicit PUCCH resource allocation for DL HARQ reference configuration #5
The following agreement was made on the UE behaviors of PUCCH format 3 from the RAN1#76bis meeting.

· If a UE is enabled with eIMTA on the PCell and is configured with PUCCH format 3 for HARQ-ACK transmission, the Rel-10/11 PUCCH format 3 UE behaviors apply, except that the UE shall use the DL HARQ reference configuration and under fallback, resource allocation scheme for PUCCH format 1a/1b
However, there was still no concrete agreement on the support of implicit PUCCH resource allocation for DL HARQ reference configuration #5. The following agreement captured from [2] shows the current status. 

· The following tables are adopted
· FFS whether implicit resource allocation is supported for DL HARQ reference configuration #5 (depending on the outcome of [76-07])
Table 1:  Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the same timing 

	DL HARQ reference configuration
	UL-DL
Configuration given by SIB-1
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	6
	-
	-
	-
	-
	6
	-
	-

	
	1
	-
	-
	7,6
	-
	-
	-
	-
	7,6
	-
	-

	
	2
	-
	-
	8,7,4,6
	-
	-
	-
	-
	8,7,4,6
	-
	-

	
	3
	Invalid

	
	4
	Invalid

	
	5
	Invalid

	
	6
	-
	-
	7
	-
	-
	-
	-
	7
	-
	-

	4
	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	7, (6)
	4
	-
	-
	-
	-
	-
	-

	
	2
	Invalid

	
	3
	-
	-
	7, (6), 11
	6,5
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	
	5
	Invalid

	
	6
	-
	-
	7
	7
	-
	-
	-
	-
	-
	-

	5
	0
	-
	-
	6
	-
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	7, 6
	-
	-
	-
	-
	-
	-
	-

	
	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	-
	-
	-

	
	3
	-
	-
	7, 6, 11
	-
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	12, 8, 7, 11
	-
	-
	-
	-
	-
	-
	-

	
	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	
	6
	-
	-
	7
	-
	-
	-
	-
	-
	-
	-


Table 2:  Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the different 
	DL HARQ reference configuration
	UL-DL
Configuration given by SIB-1
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	7, 8, 4
	-
	-
	-
	-
	7, 8, 4
	-
	-

	
	1
	-
	-
	8, 4
	-
	-
	-
	-
	8, 4
	-
	-

	
	2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	3
	Invalid

	
	4
	Invalid

	
	5
	Invalid

	
	6
	-
	-
	6, 8, 4
	-
	-
	-
	-
	8, 6, 4
	-
	-

	4
	0
	-
	-
	12, 7, 11, 8
	7, 4, 5, 6
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	12, 8, 11
	7, 5, 6
	-
	-
	-
	-
	-
	-

	
	2
	Invalid

	
	3
	-
	-
	12, 8
	4,7
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	5
	Invalid

	
	6
	-
	-
	12, 11, 8
	4, 5, 6
	-
	-
	-
	-
	-
	-

	5
	0
	-
	-
	12, 7, 11, 13, 8, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	
	2
	-
	-
	13, 12, 9, 11,5
	-
	-
	-
	-
	-
	-
	-

	
	3
	-
	-
	13, 12, 5, 4, 8, 9
	-
	-
	-
	-
	-
	-
	-

	
	4
	-
	-
	13, 5, 4, 6, 9
	-
	-
	-
	-
	-
	-
	-

	
	5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	6
	-
	-
	13, 12, 11, 6, 8, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-


Without having the concrete agreement on the support of implicit PUCCH resource allocation for DL HARQ reference configuration #5, at this moment, it seems that there is no support of PUCCH format 3 fallback behaviors when the DL-HARQ reference configuration of an eIMTA-enabled PCell is set to UL-DL configuration # 5. For resolving this ambiguity, the following proposal needs to be agreed.

Proposal 3: The implicit PUCCH resource allocation is supported for DL HARQ reference configuration #5 and the above-mentioned Table 1 and 2 are used for the PUCCH resource allocation for HARQ-ACK.
3. Conclusion
This contribution discusses the remaining details of HARQ-ACK feedback in TDD eIMTA. Our proposals are as follows;
Proposal 1: For the further optimization, if the 2-bit field in DCI format 0/4 is interpreted as UL DAI, such an interpretation needs to be limited a subset of SFs in consideration of the potential UL SFs used for HARQ-ACK transmission. The interpretation of UL index or UL DAI field in DCI format 0/4 should be independent of the received UL-DL reconfiguration DCI.
Proposal 2: For PUCCH format 1b with channel selection, in addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits.
Proposal 3: The implicit PUCCH resource allocation is supported for DL HARQ reference configuration #5 and the above-mentioned Table 1 and 2 are used for the PUCCH resource allocation for HARQ-ACK.
_____________________________________________________________________
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