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1 Introduction
In RAN#58 meeting, the working item“Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation”  has been approved to be one of the essential features of Rel-12. The WID [2] has pointed out that the backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL/DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item. In particular, since the knowledge on instantaneous UL/DL configuration could be different between legacy and Rel-12 UEs, the HARQ resource collision might occur due to the discrepancy in derivation rules. In this contribution, we provide our views on the HARQ feedback issues in TDD eIMTA system.
2 HARQ-ACK resource for PDSCH
For a TDD system, when a UE is configured to transmit the HARQ-ACK with PUCCH format 1a/1b, the corresponding PUCCH resource could be determined in accordance to the UL/DL configuration and the (e)CCE index of the DL assignment. Hence, the PUCCH resource collision is foreseeable when the legacy and Rel-12 UEs determine the HARQ-ACK resource based on different DL reference configurations. 
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Figure 1: HARQ-ACK resource collision in TDD eIMTA system.
Figure 1 shows an illustrative example, wherein UL/DL configurations 0 and 2 are respectively used for legacy UE (i.e. non-eIMTA capable UE) and eIMTA UE to determine the PUCCH resources. In subframe index 4, eIMTA UE receives a PDSCH by detecting a corresponding PDCCH with nCCE=5, while the legacy UE receives a PDSCH by detecting a corresponding PDCCH in subframe index 6 with nCCE=5, and the collision of PUCCH resource may occur as both UEs are intending to report HARQ-ACK in subframe 2 of the next frame. In fact, we may leave this problem as an implementation issue. That is, the eNB could avoid the collision via proper scheduling of (e)PDCCH. However, such approach may restrict scheduling flexibility, as well as causing resource wastage in (e)PDCCH. Hence, the mapping rule of HARQ-ACK resource in TDD eIMTA system should be studied to overcome the potential collision problem, and the following options could be examined to determine the solution:
Option 1: Separated PUCCH resource for legacy and eIMTA UE

Consider the examples shown in Figure 1 and Figure 2(A), the PUCCH resource in subframe 2 is separately reserved for legacy UE and eIMTA UE. This option could be achieved by two alternatives as following:

Option 1A: PUCCH resources for eIMTA UE are reserved by explicit higher layer signalling
For example, when a PDSCH is scheduled by a DCI transmitted in PDCCH, the corresponding PUCCH resource could be determined according to current specification, except that the value of the parameter 
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Option 1B: Separate PUCCH resources implicitly determined according to the SIB1 UL/DL configuration
In addition to the resource indexes determined according to the legacy rule, the eIMTA UE should determine an additional value to ensure that the PUCCH resource is different to legacy UEs, and this value is determined based on the SIB1 UL/DL configuration.
Basically, options 1A and 1B offer similar efficiency on resource utilization but option 1A could be a better choice since additional specification impact could be avoided. 
Option 2: Renumbering the DL association set for eIMTA UE to share PUCCH resource with legacy UE

As shown in Figure 1 and Figure 2(B), the PUCCH resource in subframe 2 could be jointly arranged according to the configurations of legacy UE and eIMTA UE. For example, the eIMTA UE could renumber the DL association index of subframe 6, so that all UEs could share same PUCCH region for this subframe. As for the HARQ-ACK resource for DL subframes 4, 5 and 8, similar to option 1B, an offset could be applied to keep backward compatibility. This method provides higher efficiency in resource utilization in spite of the higher complication comparing to option 1. However, the specification impact should be considered.
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Figure 2: PUCCH resource arrangement for TDD eIMTA system.
3 Conclusion

This contribution has considered the HARQ feedback issues in TDD eIMTA system. Based on the discussion, our proposal is:

Proposal: To minimize the specification impact, an explicit higher layer signalling could be considered to handle the PUCCH resource collision issue.
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