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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, the HARQ-ACK resource is implicitly determined and is dependent on the TDD UL-DL configuration. Hence, if different TDD UL-DL configurations are used by legacy and eIMTA UEs, HARQ-ACK resource collision may happen. In this contribution, the HARQ-ACK resource collision is identified, and some potential solutions are also proposed. 
2 Discussion
As the actual TDD UL-DL configuration dynamically changes in an eIMTA system, a problem in the HARQ-ACK feedback occurs that a subframe used to feedback HARQ-ACK in the old configuration may have a different transmission direction in the new configuration. The concept of “reference configuration”, which has been adopted in Rel-11 TDD inter-band CA is proposed for TDD eIMTA. Candidate solutions for the reference configuration method can be divided into two types, i.e., semi-static and dynamic reference configuration. In the semi-static reference configuration, the configuration is explicitly signaled, while the dynamic reference configuration is implicitly derived according to old and new configurations, and the implicitly derived reference configuration is applicable only within the transitional period of UL-DL reconfiguration. Outside the transitional period, the actual UL-DL configuration is used for HARQ operations. More related discussions can be found in another contribution [2].   
The reference configuration followed by an eIMTA UE may be different from the configuration (indicated in SIB-1) followed by a legacy UE. In the current specification, the 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 PUSCH is used to determine the UL HARQ-ACK resource. Since the rule governing the implicit mapping may depend on the UL-DL configuration, it is likely that the understandings of the mapping between the physical resource index and HARQ-ACK resource between eIMTA and legacy UEs are different. In this case, the HARQ-ACK resources taken by eIMTA and legacy UEs may collide. In the following sections, problems and solutions are discussed for DL HARQ-ACK and UL HARQ-ACK resource collisions.    
2.1 DL HARQ-ACK resource
For PUCCH format 1a/1b/1b with channel selection, the DL HARQ-ACK (i.e., PUCCH) resource is implicitly determined by the first CCE/ECCE index used for the transmission of the corresponding PDCCH/EPDCCH. One example is illustrated in Figure 1, in which it is assumed the DL HARQ reference configuration is 5, and the SIB-1 indicated configuration is 0. An eIMTA UE receives a PDSCH in DL subframe #9, and a legacy UE receives in DL subframe #6. If the first CCE/ECCE indices used for the transmissions of the PDCCH/EPDCCHs are the same, then DL HARQ-ACK resource collision happens in UL subframe #2. Although the eNB can avoid DL HARQ-ACK resource collision via PDCCH/EPDCCH resource allocation, however 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 solve 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, the DL HARQ-ACK resource allocation of an eIMTA UE is still implicitly determined by the CCE index. However, the mapping of DL association index is modified. If each DL association index km has the same order in the DL association index sets of legacy and eIMTA UEs, then PUCCH resource collision can be avoided. In Figure 1, since the DL association index set of a legacy UE in subframe #2 is K:{6}, the DL association index set K:{13,12,9,8,7,5,4,11,6} for an eIMTA UE shall be re-ordered as K:{6,13,12,9,8,7,5,4,11}. In so doing, PUCCH resource collision occurred in UL subframe #2 does not happen. By re-ordering elements in the DL association index set, eIMTA and legacy UEs can share the DL HARQ-ACK resources determined by the CCE index. 
If some elements in the DL association index for a legacy UE are not included in the DL association set of an eIMTA UE, a virtual index can be added into the DL association set of the eIMTA UE. For example, assume legacy and eIMTA UEs follow configurations 0 and 4, respectively, and the DL association index sets in subframe #2 are K:{6} and K:{12,8,7,11} for legacy and eIMTA UEs. The DL association set for the eIMTA UE shall be modified as K:{VI,12,8,7,11}, where ‘VI’ stands for the virtual index. By adding the virtual index, the DL HARQ-ACK resources determined by the CCE indices in different DL subframes can be separately reserved for eIMTA and legacy UEs. Adding a virtual index effectively re-orders elements in the DL association index set. Regardless of whether each element in the DL association index set for a legacy UE is included in the DL association set of an eIMTA UE, DL HARQ-ACK resources based on CCE indices can be separately reserved for eIMTA and legacy UEs in an implicit manner. 
Solution 2: Explicit resource allocation

In this solution, the DL HARQ-ACK resource of an eIMTA UE is explicitly signalled. Resource allocation for PUCCH format 3 can be reused for PUCCH format 1a/1b/1b with channel selection. By doing so, the eNB can configure a proper DL HARQ-ACK resource for an eIMTA UE via higher layers signalling to avoid DL HARQ-ACK resource collision with a legacy UE.  
Solution 3: Partially implicit and partially explicit resource allocation   
In this solution, for DL HARQ-ACK resources of eIMTA UEs, some are implicitly determined by CCE indices, and some are explicitly configured. Whether the implicit or explicit indication is used depends on the DL association index corresponding to the adjacent PDCCH/EPDCCH, since DL HARQ-ACK resource collision happens only in some cases. If the order of an element in the DL association index set for an eIMTA UE is less than the size of the DL association set for a legacy UE, then the explicit resource allocation is used for an eIMTA UE. Otherwise, implicit resource allocation is used. As illustrated in Figure 1, if the DL association index corresponding to an eIMTA UE is the first element in the DL association set, i.e., km=13, the explicit resource allocation is used. The explicit resource allocation is used to avoid DL HARQ-ACK resource collision only for cases wherein the resource collision may happen. Implicit resource allocation can be used for cases wherein resource collision does not occur.
2.2 UL HARQ-ACK resource
The UL HARQ-ACK (i.e., PHICH) resource is implicitly determined by the first PRB index used for the transmission of the corresponding PUSCH. Additionally, the cyclic shift for the DMRS field indicated in the most recent PDCCH with an uplink DCI format is also used to determine the UL HARQ-ACK resource. Hence, the eNB can avoid UL HARQ-ACK resource collision via PUSCH resource allocation plus DMRS cyclic shift assignment. The scheduling constraint is relatively limited as two parameters can be used to adjust the UL HARQ-ACK resource allocation. If eIMTA UEs follow an UL-reference configuration different from the SIB-1 indicated configuration followed by legacy UEs, the UL HARQ-ACK resource collision problem should be relatively small compared with the DL HARQ-ACK resource collision.

In addition, the SIB-1 indicated configuration generally has the least DL subframes to avoid legacy UEs doing CRS measurements in an UL subframe. To send UL HARQ-ACK only in fixed DL subframes, UL-reference configuration should have the least DL subframes. Therefore, it is likely that UL-reference configuration and SIB1-1 indicated configuration are the same. If so, UL HARQ-ACK resource collision does not occur. 
3 Conclusion

In this contribution, we discussed HARQ-ACK resource collision issues in TDD eIMTA systems. For DL HARQ-ACK, resource collision is indeed an issue, and several potential solutions were discussed. For UL HARQ-ACK, resource collision may not be a problem. Based on the discussion, we had the following proposal:
Proposal: Candidate solutions to DL HARQ-ACK resource collision should be further evaluated.
· Solution 1: Implicit resource allocation via re-ordering 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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