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1. Summary
In RAN1 #76, it was agreed that both PUCCH format 1b with channel selection and PUCCH format 3 are supported in eIMTA [1]. In this contribution, we present our views on detailed HARQ-ACK generation for different PUCCH formats. 
For HARQ-ACK report on format 1b with channel selection, the HARQ-ACK should be generated based on the bundling window size of the DL HARQ-reference configuration, and existing methods and channel selection tables should be reused.
For HARQ-ACK report on format 3, RAN1 should determine methods to handle UL subframes indicated by the reconfiguration DCI within the bundling window of the DL HARQ-ACK reference configuration. 
2. HARQ-ACK report with PUCCH format 1b with channel selection
In RAN1 #76, the PUCCH format 1a/1b resource allocation was discussed, and it was agreed that 

For the case of PDCCH scheduling, reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset (where the block interleaving for ACK/NAK resource indexing is still supported)
However, the detailed equations for block interleaving and subframe indexing were not agreed yet. The subframe indexing determines the implicit PUCCH resource mapping of an eIMTA cell. Thus, for the same DL HARQ reference configuration, the subframe indexing of the DL association set varies for different UL HARQ reference configurations. The same principle can be applied for the case of EPDCCH scheduling.
Also in RAN1 #76 [1], it was agreed that PUCCH format 1b with channel selection is supported for up to two serving cells except for the case UL/DL configuration 5 is used as the DL-reference configuration of any serving cells. Thus, PUCCH format 1b with channel selection is supported for eIMTA cells with DL HARQ reference configuration equal to UL/DL configuration #2 or #4 only. 
For a UE configured with more than one cell, the HARQ-ACK of each cell is generated based on the DL DAI values, and DTX(s) is padded to make the total number of bits equal to the bundling window size M. The same principle can be applied without change on an eIMTA cell. Thus, in TDD CA case with an eIMTA cell, the M<=4 tables will be used for PUCCH format 1b with channel selection where M =max (Mp, Ms). The Mc of an eIMTA cell is determined by using the DL HARQ reference configuration and the tables of TDD CA with different UL/DL configurations [2].
For a UE configured with a single TDD cell, the HARQ-ACK bits are generated based on the subframe index ordering in the DL association set. The same principle should be applied for a UE configured with a single TDD cell. For a UE configured with a single eIMTA cell and DL HARQ reference configuration within UL/DL configuration {2, 4}, the bundling window size M of the DL association set will be 4 for an eIMTA cell if PUCCH format 1b with channel selection is configured. However, there are two subframe index ordering options for an eIMTA cell:

· Option 1: the HARQ-ACK bits are generated based on the subframe indexing according to the PUCCH resource allocation rules, i.e. based on the combination of UL & DL HARQ reference configurations.

· Option 2: the HARQ-ACK bits are generated based on the subframe index order in the DL association set according to the DL HARQ reference configuration. 

In all cases, the PUCCH resource allocation should follow the new defined subframe ordering for potential PUCCH resource mapping. With option 2, the HARQ-ACK bits ordering and the PUCCH resource allocation become separate problems with possibly different subframe ordering. To avoid such complexity, we slightly prefer option 1, i.e. the HARQ-ACK bit ordering is the same as the PUCCH resource mapping defined specifically for eIMTA. 
Proposal 1: For a UE configured with a single eIMTA cell and PUCCH format 1b with channel selection, the HARQ-ACK bit ordering is determined by the same table for PUCCH resource mapping. 
3. HARQ-ACK report with PUCCH format 3 
For PUCCH format 3, the HARQ-ACK bits are generated based on the received DL DAI values and NACK bits are padded for the remaining subframes. However, there are still several open issues, e.g. 

· Whether or not to report a HARQ-ACK bit for a flexible subframe that is configured as an UL subframe?

· How to report for a flexible subframe with unknown directions if the reconfiguration DCI is not detected correctly? 

For the HARQ-ACK generation and reporting, several methods can be considered.
Method 1: Report all subframes in the DL HARQ reference configuration
This method can be used regardless of the actual configuration by the reconfiguration DCI. On the other hand, it requires more HARQ-ACK bits on a PUCCH report.

HARQ-ACK bits are reported for all subframe indexes in the DL association set even if the subframe is configured as an UL subframe by a reconfiguration DCI format. For a subframe that is configured as UL, one or two NACK bits are generated based on whether one or two transport blocks are configured on the cell. 
In fallback mode if the reconfiguration DCI is not detected correctly, as agreed in previous meetings, the UE monitors only DL and special subframes specified by SIB1 configuration, thus NACK bits are reported for all flexible subframes. 
Method 2: Report subframes based on actual subframe allocation
For the subframes within the indexes in the DL association set, if a subframe is configured as an UL subframe by a reconfiguration DCI, HARQ-ACK bits are not generated / reported. This method reduces the HARQ-ACK bits in a PUCCH report. 
However, in case of mis-detection of a reconfiguration DCI, the UE may not know the actual allocation of some subframes in the DL association set of the DL HARQ reference configuration. Thus, HARQ-ACK reporting in fallback mode should be considered. Since the eNB cannot know whether a UE detects the reconfiguration DCI correctly or not, the ambiguity may cause problems of HARQ-ACK detection at the eNB.

Method 3: report the HACK-ACK bits based on actual allocation with fallback detection
To get the benefits of reduced payload in method 2 while avoiding the ambiguity issue due to mis-detection of a reconfiguration DCI, some implicit or explicit feedback for the reconfiguration DCI can be sent together with the HARQ-ACK bits in a PUCCH format 3 report. 
For example, an ACK/NACK for the reconfiguration DCI can be reported together with the HARQ-ACK bits on PUCCH. If valid UL/DL configurations are detected in the reconfiguration DCI, the UE reports HARQ-ACK based on the actual DL and special subframe allocation in the DL association set. If a valid UL/DL configuration is not detected in a reconfiguration DCI, the UE reports HARQ-ACK bits based on the DL and special subframes specified by the SIB1 configuration. 

Alternatively, a different PUCCH resource can be used if a valid UL/DL configuration is not detected in the reconfiguration DCI. The PUCCH resource can be a separately configured resource or implicitly mapped by an offset value, e.g. +1.

The feedback of the detection of a valid UL/DL configuration in a reconfiguration DCI has several benefits.
· It reduces the number of HARQ-ACK bits compared with method 1 in most cases.
· It provides feedback on the reconfiguration DCI, thus increases the reliability of the reconfiguration signalling, so that eNB can avoid scheduling PDSCH in uncertain subframes for a given UE.
· The ambiguity issue in method 2 can be solved. The HARQ-ACK payload size and the ACK/NACK for the reconfiguration DCI can re-validate each other at the receiver.

Based on the analysis, method 1 is the simplest solution with minimum specification change, while method 3 has benefits of increased system performance and reliability. Thus, we propose,  

Proposal 2: For PUCCH format 3 HARQ-ACK generation, RAN1 should consider the tradeoff between HARQ-ACK payload and robustness in fallback operations.
4. Conclusions
In this contribution, we discuss the details of HARQ-ACK bits generation for eIMTA cells based on the DL association set of the DL HARQ reference configuration. We analyse the subframe ordering issue with single eIMTA cell reporting with PUCCH format 1b, and potential HARQ-ACK payload reduction methods with PUCCH format 3. Based on the observations, we propose
Proposal 1: For a UE configured with a single eIMTA cell and PUCCH format 1b with channel selection, the HARQ-ACK bit ordering is determined by the same table for PUCCH resource mapping.
Proposal 2: For PUCCH format 3 HARQ-ACK generation, RAN1 should consider the tradeoff between HARQ-ACK payload and robustness in fallback operations. 
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