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1 Introduction
Regarding the HARQ details of TDD eIMTA, one agreement on DL HARQ reference configuration was achieved in RAN1#74bis meeting, and one working assumption on UL HARQ reference configuration in RAN1#75 meeting was confirmed [1-2]. They are 

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1
However, many issues have not been touched yet and are for further discussion. For example,
· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

· HARQ-ACK on PUSCH related issues (e.g., DAI handling, ACK/NAK payload size, etc.)
· For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL
Related email discussions have been kicked off in [75-38] and [75-39]. In this contribution, the details of PUCCH resource collision issue and HARQ-ACK on PUSCH related issue are discussed. 
2 Discussion
2.1 PUCCH resource collision
To support more schedulable DL subframes, the DL HARQ reference configuration followed by eIMTA UE could have more DL subframes than the SIB1 configuration followed by legacy UE for DL HARQ operation. Thus, in one UL subframe, legacy UE and eIMTA UE could report the HARQ-ACKs associated with different DL subframe sets, i.e., different bundling windows are used for HARQ-ACK reporting. For example, as illustrated in Figure 1, assume legacy UE follows SIB1 configuration 0, and eIMTA UE follows DL HARQ reference configuration 2. The associated DL subframe sets are {#6} and {#4, #5, #8, #6} for legacy UE and eIMTA UE, respectively. For PUCCH format 1a, 1b, and 1b with channel selection, DL HARQ-ACK resource is implicitly determined by the first CCE index used for the transmission of the corresponding PDCCH based on the equation 
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, PUCCH resources corresponding to one DL subframe are allocated with a block interleaving pattern. As illustrated in Figure 2, since legacy UE and eIMTA UE follow different configurations for DL HARQ operation, the PUCCH resource allocated for legacy UE may collide with the resource for eIMTA UE in UL subframe #2. Although eNB could avoid PUCCH resource collision via PDCCH resource allocation, e.g., allocating proper CCEs for transmission of PDCCH, the constraints of PDCCH resource allocation could cause physical resource waste in control region. Hence, solutions shall be proposed to resolve this problem. Three types of solutions are discussed in the following.
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Figure 1. Legacy UE and eIMTA UE follow different configurations for DL HARQ operation
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Figure 2. Illustration of PUCCH resource collision 
Solution 1: Implicit resource allocation 
In this type of solution, PUCCH resource of eIMTA UE is implicitly determined by the first CCE index used for transmission of adjacent corresponding PDCCH, which is similarly to the existing mechanism. A simple method is to configure an offset (e.g.
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) via higher layer signalling for eIMTA UE. As illustrated in Figure 3(a), PUCCH regions of legacy UE and eIMTA UE are separately allocated. In this method, specification changes is not much, however, PUCCH resource allocation is not efficient.
Another method is that a common PUCCH region is shared by legacy UE and eIMTA UE to reduce the PUCCH resource overhead. If there is a common element in the DL association sets of legacy UE and eIMTA UE, the PUCCH resource reserved for the common association index could be shared by legacy UE and eIMTA UE. As illustrated in Figure 3(b), the PUCCH region allocated for DL subframe #6 is shared by legacy UE and eIMTA UE. For the remaining PUCCH region of eIMTA UE, one method is to configure an offset (e.g.
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) via higher layer signalling. Alternatively, a default PUCCH resource offset is applied considering the maximum value of the CCE index, i.e. 
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. To further reduce the PUCCH resource overhead, UE could implicitly derive the offset according to the number of CCEs in the control region of the common associated DL subframe #6, and the remaining PUCCH region could be allocated next to the common PUCCH region. However, the common DL subframe could happen to be within the DRX status and the control region may be wrongly detected. Hence, the implicit PUCCH resource offset could cause ambiguity. 
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Figure 3. Illustrations of implicit resource allocation for eIMTA UE 
Solution 2: Explicit resource allocation

In this solution, PUCCH resource of eIMTA UE is explicitly signalled. Thus, eNB could configure proper PUCCH resource for eIMTA UE to avoid PUCCH resource collision. Existing explicit resource allocation of PUCCH format 3 could be reused for PUCCH formats 1a, 1b, and 1b with CS. For example, four PUCCH resource values are configured by higher layer signalling, and an “ARI (ACK/NACK Resource Indication)” field in the DL assignment related DCI formats is used to select one from the four values. For PUCCH format 3, the “ARI” field reuses the “TPC command for PUCCH” field in the Scell PDCCH or in the Pcell PDCCH with the DL DAI value greater than “1”. However, for PUCCH formats 1a, 1b and 1b with channel selection, reusing “TPC command for PUCCH” field may impact the UL power control performance for PUCCH, and the additional 2 bits “ARI” field should be required. Comparing with implicit resource allocation, additional signalling overhead is a drawback of explicit resource allocation. However, since the potential eIMTA application scenario is a small cell with a small number of serving UEs, the explicit resource allocation based on eNB implementation may be more efficient than the implicit resource allocation wherein unnecessary PUCCH resource may be reserved.
Solution 3: Partially implicit and partially explicit resource allocation   
In this solution, for PUCCH resource allocation of eIMTA UE, one part is implicitly determined by the first CCE index used for transmission of adjacent corresponding PDCCH, and another part is explicitly configured. Similarly to Solution 1, a common PUCCH region allocated for the common associated DL subframe is shared by legacy UE and eIMTA UE. But, differently from Solution 1 with totally implicit resource allocation, the remaining PUCCH resource of IMTA UE is explicitly allocated similarly to Solution 2. Comparing with Solution 2 with totally explicit resource allocation, PUCCH resource overhead could be further reduced by sharing a common PUCCH region. Except for the common associated DL subframe, additional 2 bits “ARI” field is required in DL assignment related DCI formats. 
2.2 HARQ-ACK on PUSCH
In existing specification, when UL-DL configuration 1~6 is used in SIB1, there is a UL DAI field of 2 bits in the DCI format 0/4 used for UL grant. Moreover, the UL DAI value is used to determine whether or not there is missing DL assignment and the scrambling sequence of coded ACK/NACK for HARQ-ACK bundling on PUSCH, or determine the ACK/NACK payload size for HARQ-ACK multiplexing on PUSCH. For UL-DL configuration 0, the 2-bit field is used as UL index for the indication of scheduled UL subframe. When the SIB1 configuration (i.e. UL HARQ reference configuration) is 0 and the actual configuration is 1~6, there are different opinions on the interpretation of the 2-bit field in DCI format 0/4. One opinion is that the interpretation of the 2-bit field follows SIB1 configuration. Another opinion is that the interpretation of the 2-bit field depends on the actual configuration. If actual configuration is not correctly detected and no ACK/NACK response for the UL-DL reconfiguration signalling, there will be ambiguity on the interpretation of the 2-bit field. Our preference is the first opinion since no any ambiguity will occur. 
If UL-DL configuration 0 is used in SIB1, the 2-bit field should be used as UL index. HARQ-ACK transmission on PUSCH could reuse existing mechanism for the case that PUSCH is not dynamically scheduled based on UL grant, i.e. scrambling sequence of coded ACK/NACK is determined by the number of detected DL assignments for HARQ-ACK bundling on PUSCH, and the ACK/NACK payload size is determined by the bundling window size of DL HARQ reference configuration for HARQ-ACK multiplexing on PUSCH.  

If UL-DL configuration 1~6 is used in SIB1, the 2-bit field should be used as UL DAI. When the actual configuration is different from the UL HARQ reference configuration, it is possible to receive the UL DAI before the last DL assignment. The issue also exists in inter-band TDD CA, and existing mechanism is that the UL DAI value can still be used by UE to determine HARQ-ACK payload size and scrambling sequence, and to judge whether or not there is missing DL assignment. Basically, this is up to eNB implementation on how to set the UL DAI value, and the eNB should guarantee the UL DAI value is correct, i.e., the number of all DL assignments within the bundling window. Regarding UL DAI handling for the problematic case, our preference is that the existing mechanism for the case of inter-band TDD CA should be reused for TDD eIMTA, which requires no any specification changes.    

3 Conclusion

In this contribution, we discussed PUCCH resource collision issue for TDD eIMTA, and several potential solutions were discussed. Sharing of PUCCH region among legacy UE and eIMTA UE should be supported to reduce the PUCCH resource overhead. In addition, HARQ-ACK on PUSCH related issue was also discussed, and our preference was given. Based on above discussion, we had the following proposals:
Proposal 1: A common PUCCH region should be shared by eIMTA UE and legacy UE.

Proposal 2: Remaining PUCCH resource of eIMTA UE could be either explicitly or implicitly allocated with the least specification changes.  
Proposal 3: The interpretation of the 2-bit field in DCI format 0/4 should follow UL HARQ reference configuration (i.e. SIB1 configuration). 
Proposal 4: If the 2-bit field is used as UL index, HARQ-ACK reporting on PUSCH should reuse existing mechanism for the case that PUSCH is not dynamically scheduled based on UL grant.  

Proposal 5: If the 2-bit field is used as UL DAI, UL DAI handling should reuse existing mechanism for the case of inter-band TDD CA.  
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