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1. Introduction

HARQ-ACK feedback timing corresponding to DL or UL data transmission by an EIMTA-configured UE depends, respectively, on the DL-reference and UL-reference UL/DL configurations. At the RAN1 #74bis meeting it was agreed that the DL-reference configuration can be selected from one of UL/DL configurations 2, 4, and 5. Furthermore, a working assumption was agreed that uplink scheduling and HARQ timing shall follow the UL/DL configuration signaled in SIB1. Based on this agreement and working assumption we investigate further details of HARQ-ACK feedback in this contribution.
2. Discussion
2.1. HARQ-ACK Feedback on PUCCH

For EIMTA the DL HARQ-ACK feedback timing and payload size shall be based on the DL-reference UL/DL configuration. In previous LTE releases either HARQ-ACK bundling or PUCCH Format 3 can be selected as the PUCCH transmission scheme when Configuration 5 is configured as the DL-reference. It is well known that though HARQ-ACK bundling offers the advantage of a low SINR requirement (equivalently, improved coverage) it suffers from a lower spectral efficiency since an entire bundle is retransmitted if a single transmission fails. As such, bundling is best utilized when the channel and interference conditions are correlated for all DL subframes within the bundle. Bundling is not suited to EIMTA operation as different subframes in a bundle (the DL Association Set) experience quite different interference conditions depending on the subframe type – fixed or flexible. This could lead to very frequent retransmissions of the entire bundle, e.g. 9 subframes are retransmitted for UL/DL Configuration 5.  
Proposal: Rel-8 HARQ-ACK bundling should not be configured for HARQ-ACK transmission on PUCCH for EIMTA operation.

In Rel-11, PUCCH Format 3 is mandatory for a TDD UE that supports CA and it can be configured for PUCCH transmission when UL/DL Configuration 5 is signaled in SIB1. Since Configuration 5 is the most flexible DL-reference configuration in terms of providing the maximum gains of dynamic UL/DL reconfiguration, it is reasonable that PUCCH Format 3 should be supported by a UE capable of EIMTA operation. Two disadvantages of PUCCH Format 3 are the high SINR requirement – which could limit its use to only a few UEs – and the signaling overhead since at most 5 PUCCH resources can be allocated in one PRB. As EIMTA targets small cell deployments, coverage is not an issue but eNB-eNB interference is now a limiting factor if PUCCH transmission occurs in a flexible subframe (e.g. subframes 3 and 7). For these reasons it is necessary to also support PUCCH Format 1b with channel selection. 

2.1.1. Resource Allocation

For Rel-8 PUCCH schemes the dynamic PUCCH resource allocation for an UL subframe is based on the size of the bundling window, CCE indexing and a block interleaving pattern that potentially minimizes the UL control overhead based on the actual size of the DL control region. If the SIB1 configuration is different from the DL-reference a legacy UE has a different DL subframe-to-PUCCH resource mapping compared to an EIMTA-configured UE. This leads to resource collision as was mentioned in several contributions (see e.g. [1]). Proposed solutions to the resource collision problem include:
Option 1: Independent and disjoint dynamic PUCCH regions

For this scheme, separate PUCCH resources are reserved in an UL subframe corresponding to the bundling windows associated with the SIB1 configuration and the DL-reference configuration. This resource reservation incurs a large overhead and it is not necessary when one or more DL subframes are common to both bundling windows. For example, if Configuration 2 is signaled in SIB1 and Configuration 5 is the DL-reference, twice the number of resources would be reserved in subframe 2 of a radio frame corresponding to DL subframes 4, 6, 7, and 8 of the previous radio frame.

Option 2: Sequential mapping of SIB1 and DL-reference bundling windows  
The overhead limitations of Option 1 can be solved by first reserving PUCCH resources according to the SIB1 UL/DL configuration. Subsequently, a second resource region can be reserved for the remaining DL subframes in the bundling window of the DL-reference configuration that are not contained in the SIB1 configuration [1], [2], [3]. Different mapping rules have been proposed for this second resource region corresponding to the distinct subframes in the DL-reference configuration. The primary consideration between these proposals is whether it is necessary to further optimize the resource mapping rules to minimize the PUCCH overhead. 

1) The simplest scheme is to follow the same Rel-8 mapping rules for the Downlink Association Set (Table 10.1.3.1-1 of TS 36.213) after first reserving resources according to the bundling window corresponding to the SIB1 configuration. For example if the SIB1-signaled configuration is UL/DL Configuration 0 and the DL-reference is Configuration 2, PUCCH resources in subframe 2 are reserved according to DL subframes {6, 4, 5, 8}, where DL subframe 6 is common for both SIB1 and the DL-reference configuration. This has the advantage of directly reusing the Rel-8 block interleaving rule for the second set of DL subframes i.e. subframes 4, 5, and 8. 
2) Optimizations to this simple mapping can be envisioned. In the example above, subframes 4 and 8 are flexible subframes and may be configured for UL depending on the active UL/DL configuration. In contrast, subframe 5 is always DL. As such resources can first be reserved for subframe 5 so that when subframes 4 and/or 8 are UL the eNB may re-assign these resources for PUSCH [2]. 
3) A third possibility is to semi-statically configure resources for the remaining DL subframes in the DL-reference configuration [3]. For example if SIB1 signals Configuration 0 and the DL-reference configuration is UL/DL Configuration 2, up to 3 resources need to be semi-statically configured for a UE.
Proposal: 
· For dynamic PUCCH resource allocation in an UL subframe first map according to the SIB1 UL/DL configuration, and then reserve resources for any remaining DL subframes in the bundling window of the DL-reference configuration. 
· FFS on the exact resource allocation scheme for the remaining DL subframes in the bundling window of the DL-reference configuration.
Note that this applies to PDCCH-based PUCCH resource allocation. For EPDCCH, resource collision capability is already provided by the ARO field of the DL DCI formats transmitted on EPDCCH.

With this approach, the Rel-11 procedure can be followed when a UE is configured for PUCCH Format 3 transmission. Specifically, the PUCCH Format 3 resource is indicated by the ARI value contained in the TPC field of a detected DCI format with DAI > 1. 
2.2. HARQ-ACK Feedback on PUSCH

When the UE is scheduled to transmit on PUSCH, the HARQ-ACK payload size is either determined by the DAI contained in the UL grant or by the maximum number of HARQ-ACK bits when there is no UL grant. For EIMTA it has been observed in e.g. [4], [5] that if the UL-reference is Configuration 0, the UL grant contains an UL Index and not a DAI. As such, the UE cannot accurately determine the number of HARQ-ACK bits for feedback. One solution is to always assume the maximum number of HARQ-ACK bits but this may not be desirable depending on the length of the bundling window corresponding to the DL-reference configuration e.g. Configuration 5. Moreover, as some of the subframes in the bundling window may actually be configured for UL in the active UL/DL configuration this is an unnecessary increase in the payload size. A second solution is to assume the UL grant always contains a DAI value [5]. A refinement to this solution is to assume that DAI is only present when the active configuration is Configurations 1 – 6 [4]. A concern with this refinement is that there may be a need for a fallback procedure if the UE misses the reconfiguration command. This is not seen as likely if robust procedures are implemented for reconfiguration signaling as proposed in [6].  
A different issue was also observed in [3], [4] where the DAI in the UL grant is detected in an earlier subframe compared to one or more subframes in the bundling window corresponding to the DL-reference configuration. Hence, the UL DAI does not accurately account for the required number of HARQ-ACK bits.  One reasonable solution proposed in [4] is to base the HARQ-ACK payload size according to the number of actual DL subframes in the bundling window.
Proposal: 

· If Configuration 0 is configured for the UL-reference, decide between the following alternatives for transmitting HARQ-ACK on PUSCH

· The UE may assume that DAI is present in the UL DCI format if the active configuration is selected from UL/DL configurations 1 – 6. 
· The HARQ-ACK payload size is based on the number of actual DL subframes in the bundling window corresponding to the DL-reference configuration.

3. Conclusion

In this contribution we have analyzed several details regarding HARQ-ACK feedback when a UE is configured with a DL-reference UL/DL configuration for EIMTA operation. In summary we have the following proposals:
· Rel-8 HARQ-ACK bundling should not be configured for HARQ-ACK transmission on PUCCH for EIMTA operation
· For dynamic PUCCH resource allocation in an UL subframe first map according to the SIB1 UL/DL configuration, and then reserve resources for any remaining DL subframes in the bundling window of the DL-reference configuration. 
· FFS on the exact resource allocation scheme for the remaining DL subframes in the bundling window of the DL-reference configuration.
· If Configuration 0 is configured for the UL-reference, decide between the following alternatives for transmitting HARQ-ACK on PUSCH

· The UE may assume that DAI is present in the UL DCI format if the active configuration is selected from UL/DL configurations 1 – 6. 
· The HARQ-ACK payload size is based on the number of actual DL subframes in the bundling window corresponding to the DL-reference configuration.
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