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1 Introduction
In last RAN1 meeting, one working assumption on UL HARQ reference configuration and one agreement on DL HARQ reference configuration are achieved as following [1]: 

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
Since the UL-DL configuration signaled in SIB1 is UL HARQ reference configuration and DL HARQ reference configuration is generally different from UL HARQ reference configuration for eIMTA UE, eIMTA UE and legacy UE will follow different configurations for DL HARQ operation. Hence, HARQ-ACK PUCCH resource collision may happen between eIMTA UE and legacy UE, since HARQ-ACK PUCCH resource is implicitly determined and dependent on the UL-DL configuration used for DL HARQ operation, e.g. PUCCH format 1a/1b/1b with CS (Channel Selection). In this contribution, HARQ-ACK PUCCH resource collision is discussed, and corresponding solutions are proposed. 
2 Discussion
For DL HARQ operation, the DL HARQ reference configuration followed by an eIMTA UE is different from the UL-DL configuration which is signaled in SIB1 and followed by a legacy UE. This means HARQ-ACKs of eIMTA UE and legacy UE respectively associated with different DL subframes may be transmitted in the same UL subframe. Thus, the first CCE indexes of PDCCHs respectively corresponding to eIMTA UE and legacy UE, which is used to determine corresponding HARQ-ACK PUCCH resource, may happen to be the same. Hence, the HARQ-ACK PUCCH resources of eIMTA UE and legacy UE may collide. In next sections, problems and solutions are discussed for HARQ-ACK PUCCH resource collision.    
2.1 HARQ-ACK PUCCH resource collision
For PUCCH format 1a/1b/1b with CS, DL HARQ-ACK 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 the UL-DL configuration signalled in SIB1 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), HARQ-ACK PUCCH resource collision may happen in UL subframe #2. Although eNB can avoid HARQ-ACK PUCCH resource collision via PDCCH/EPDCCH resource allocation, scheduling constraints may cause PDCCH/EPDCCH resource waste. For EPDCCH, ARO (ACK/NACK Resource Offset) field in DL assignment related DCI formats can be used to adjust corresponding HARQ-ACK PUCCH resource to avoid resource collision between eIMTA and legacy UEs. However, for PDCCH, is very difficult to avoid HARQ-ACK PUCCH resource collision, especially when the number of legacy UEs is large. 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, HARQ-ACK PUCCH resource allocation of eIMTA UE is still implicitly determined by the first CCE index used for transmission of corresponding PDCCH. 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 the DL association set for eIMTA UE, eIMTA UE and legacy UE can share the HARQ-ACK PUCCH resources determined by CCE index in the DL subframe corresponding to the re-ordered DL association index. 
· Re-ordering the DL association index if the DL association index of legacy UE is included in the DL association set of eIMTA UE.

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 in the DL association set for eIMTA UE, HARQ-ACK PUCCH 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 which is suited to the case DL association index corresponding to legacy UE is included in the DL association set corresponding to eIMTA UE. 
· Adding virtual index in the DL association set if the DL association index of legacy UE is not included in the DL association set of eIMTA UE.
Solution 2: Explicit resource allocation

In this solution, HARQ-ACK PUCCH resource of eIMTA UE is explicitly signalled. Resource allocation for PUCCH format 3 can be reused for PUCCH format 1a/1b/1b with CS. Thus, eNB can configure proper HARQ-ACK PUCCH resource for eIMTA UE via higher layers signalling to avoid HARQ-ACK PUCCH resource colliding with legacy UE.  
· Reuse the resource allocation mechanism of PUCCH format 3 for HARQ-ACK PUCCH of eIMTA UE.

Solution 3: Partially implicit and partially explicit resource allocation   
In this solution, for HARQ-ACK PUCCH resource of eIMTA UE, one part is implicitly determined by the first CCE index used for transmission of corresponding PDCCH, and another part is explicitly configured. Using which resource allocation is dependent on the DL association index corresponding to adjacent PDCCH as HARQ-ACK PUCCH 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 reused. Thus, explicit resource allocation can be used to avoid HARQ-ACK PUCCH 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.
· Explicit resource allocation is just used for the DL association index wherein HARQ-ACK PUCCH resource may happen.
3 Conclusion

In this contribution, we discussed HARQ-ACK PUCCH resource collision issue for TDD eIMTA and several potential solutions are discussed. Based on above discussion, we had the following proposal:
Proposal: Candidate solutions to HARQ-ACK PUCCH 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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