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1 Introduction
RAN has approved the Work Item “Further enhancements to LTE TDD for DL-UL interference management and traffic adaptation (eIMTA)” in RAN#58 meeting [1]. In TDD eIMTA systems, HARQ related issues are important and under active discussions, e.g., HARQ timeline, HARQ process continuity, HARQ-ACK resources, and so on. In the current specification, HARQ-ACK resource is implicitly determined and dependent on the TDD UL-DL configuration. Hence, if different TDD UL-DL configurations are used as reference configuration to feedback HARQ-ACK, HARQ-ACK resource collision may happen. In this contribution, potential problems on HARQ-ACK resource collision are discussed, and corresponding solutions are proposed. 
2 Discussion
As actual TDD UL-DL configuration dynamically changes, HARQ-ACK feedback has a problem that a subframe used to feedback HARQ-ACK in old configuration may have the transmission direction changed in the new configuration. The method of UL/DL HARQ reference configuration has been agreed for TDD eIMTA systems [2]. However, the reference configurations followed by an eIMTA UE may be different from the system configuration followed by a legacy UE. Thus, HARQ-ACKs of eIMTA UE and legacy UE associated with a same PDSCH may be transmitted in different subframes. In the current specification, HARQ-ACK resource is implicitly determined by the corresponding physical resource index. For example, the first CCE/ECCE index of PDCCH/EPDCCH is used to determine the DL HARQ-ACK resource, and the first PRB index of the corresponding PUSCH is used to determine the UL HARQ-ACK resource. If the understandings of physical resource index between eIMTA and legacy UEs are different, HARQ-ACK resource of eIMTA and legacy UEs may collide. In next sections, problems and solutions are discussed for DL HARQ-ACK resource collision and UL HARQ-ACK resource collision.    
2.1 DL HARQ-ACK resource
For PUCCH format 1a/1b/1b with channel selection, DL HARQ-ACK (i.e., PUCCH) resource is implicitly determined by the first CCE/ECCE index used for transmission of adjacent corresponding PDCCH/EPDCCH. One example is illustrated in Figure 1, assuming the DL HARQ reference configuration is 5, and SIB1 indicated UL-DL configuration is 0. If the first CCE/ECCE index used for transmission of adjacent corresponding PDCCH/EPDCCH is the same (eIMTA UE in DL subframe #9 and legacy UE in DL subframe #6), DL HARQ-ACK resource collision may happen in UL subframe #2. Although eNB can avoid DL HARQ-ACK resource collision via PDCCH/EPDCCH resource allocation, scheduling constraints may cause PDCCH/EPDCCH resource waste. If the number of legacy UEs is large, it is very difficult to avoid this problem via restricted scheduling. Hence, solutions shall be proposed to resolve this problem. Three potential solutions are discussed in the following.  
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Figure 1: Illustration of PUCCH resource collision
Solution 1: Implicit resource allocation 
In this solution, DL HARQ-ACK resource allocation of eIMTA UE is still implicitly determined by CCE index. However, the mapping rule of DL association index is modified. If the same DL association index 
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 respectively corresponding to legacy UE and eIMTA UE, PUCCH resource collision can be avoided. As illustrated in Figure 1, as the DL association index set corresponding to legacy UE in subframe #2 is 
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, the DL association index set 
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 corresponding to eIMTA UE shall be re-ordered as 
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. Thus, PUCCH resource collision in UL subframe #2 will not happen. By using re-ordering, eIMTA UE and legacy UE can share the DL HARQ-ACK resources determined by CCE index in the DL subframe corresponding to the re-ordered DL association index. 
If the DL association index corresponding to legacy UE is not included in the DL association set corresponding to eIMTA UE, virtual index can be added in the DL association set corresponding to eIMTA UE. For example, assuming legacy UE follows configuration 0 and eIMTA UE follows configuration 4, corresponding DL association index set in subframe #2 respectively is 
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. The DL association set corresponding to eIMTA UE shall be modified as 
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. Here, ‘VI’ means virtual index. By adding virtual index, DL HARQ-ACK resources determined by CCE index in different DL subframes can be separately reserved for eIMTA UE and legacy UE in the same UL subframe. Of course, adding virtual index can be used to replace re-ordering DL association index. Regardless of whether the DL association index corresponding to legacy UE is included in the DL association set corresponding to eIMTA UE or not, implicitly determined DL HARQ-ACK resources based on CCE index can be separately reserved for eIMTA UE and legacy UE. 
Solution 2: Explicit resource allocation

In this solution, DL HARQ-ACK resource of eIMTA UE is explicitly signalled. Resource allocation for PUCCH format 3 can be reused for PUCCH format 1a/1b/1b with channel selection. Thus, eNB can configure proper DL HARQ-ACK resource for eIMTA UE via higher layers signalling to avoid DL HARQ-ACK resource colliding with legacy UE.  
Solution 3: Partially implicit and partially explicit resource allocation   
In this solution, for DL HARQ-ACK resource of eIMTA UE, one part is implicitly determined by CCE index, and another part is explicitly configured. Using which resource allocation is dependent on the DL association index corresponding to adjacent PDCCH/EPDCCH as DL HARQ-ACK resource collision happens only in some cases. If the order of the DL association index corresponding to eIMTA UE is less than the size of the DL association set corresponding to legacy UE, explicit resource allocation is used for eIMTA UE. Otherwise, implicit resource allocation based on CCE index is used for eIMTA UE. As illustrated in figure 1, if the DL association index corresponding to eIMTA UE is the first element in the DL association set, i.e. 
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, explicit resource allocation is used, otherwise, implicit resource allocation is used. Thus, explicit resource allocation can be used to avoid DL HARQ-ACK resource collision only for the case wherein resource collision may happen. Implicit resource allocation can be used for the case wherein resource collision impossibly happens.
2.2 UL HARQ-ACK resource
UL HARQ-ACK (i.e. PHICH) resource is implicitly determined by the first PRB index used for transmission of corresponding PUSCH. Additionally, the cyclic shift for DMRS field in the most recent PDCCH with uplink DCI format is also used to determine UL HARQ-ACK resource. Hence, eNB can avoid UL HARQ-ACK resource collision via PUSCH resource allocation and DMRS cyclic shift assignment. Impact of the restricted scheduling is relatively limited as two parameters can be used to adjust UL HARQ-ACK resource. If eIMTA UE follows UL-reference configuration which is different from SIB 1 configuration followed by legacy UE, probability of UL HARQ-ACK resource collision shall be relatively small comparing with DL HARQ-ACK resource collision.

In addition, in order to avoid DL measurement issue of legacy UE in flexible subframe, SIB1 configuration is proposed to be with the least DL and most UL subframes. Considering feedback UL HARQ-ACK only in fixed DL subframes, semi-static UL-reference configuration is proposed to be with the least DL subframes. It is highly possible semi-static UL-reference configuration is same to SIB1 configuration. If so, the issue of UL HARQ-ACK resource collision doesn’t exist. 
3 Conclusion

In this contribution, we discussed HARQ-ACK resource related issues in TDD eIMTA systems. For DL HARQ-ACK, resource collision is a key issue and several potential solutions are discussed. For UL HARQ-ACK, resource collision may be not an issue. Based on above discussion, we had the following proposal:
Proposal: Candidate solutions to DL HARQ-ACK resource collision shall be further evaluated.
· Solution 1: Implicit resource allocation via re-mapping DL association index
· Solution 2: Explicit resource allocation via higher layers configuration
· Solution 3: Partially implicit and partially explicit resource allocation   
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