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1
Introduction
In the previous RAN1 meetings, eIMTA HARQ timing has been extensively discussed, and the following agreements have been reached.

RAN1#74bis [1]
· TDD UL-DL configurations {2, 4, 5} can be selected as DL HARQ reference configuration
· The following UE behavior is agreed: Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.
RAN1#75 [2]
· UL HARQ timing follows UL-DL configuration defined by SIB-1 

Based on these agreements, the UL and DL HARQ timings are 100% clear for the single carrier operation. It was also agreed that eIMTA feature will be able to operate together with carrier aggregation (CA). But how to determine the UL and DL HARQ timing in case when operating with CA has not yet been discussed. In this contribution, we focus on this specific issue and present our views. 
2
HARQ timing in eIMTA operation with CA
In Rel-10 carrier aggregation, the serving cells have the same UL-DL configuration. Hence, the UL and DL HARQ timing is same as the single carrier operation and it just follows the timing defined in Rel-8 (i.e. it is determined based on the SIB-1 signalled UL-DL configuration).
In Rel-11 inter-band TDD CA with different UL-DL configurations, the UL-reference and DL-reference UL/DL configurations are defined to determine the UL and DL HARQ timing. UL & DL-reference UL/DL configurations are derived from on the SIB-1 signaled UL-DL configurations of the serving cells.
The related UE behaviours are defined in TS 36.213 [3] corresponding to Rel-10 and Rel-11 CA respectively.    

	7.3.2.1
TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) 
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.

……..

7.3.2.2
TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the "DL-reference UL/DL configuration" in the rest of this subclause.
……


In Rel-12 eIMTA, the DL HARQ reference configuration is defined to determine the DL HARQ timing whereas the UL HARQ timing follows the SIB-1 signalled UL-DL configuration. So basically there are three different types of UL-DL configurations involved. For that reason, HARQ timing related to TDD eIMTA operation with CA needs to be clarified. 
Let us consider the case when two serving cells have the same UL-DL configuration, but one of the serving cells is eIMTA enabled having the DL reference configuration signalled via RRC signalling. If Rel-10 HARQ timing operation was simply followed, the two cells would have the same DL HARQ timing, which is same as the timing of SIB-1 signaled UL-DL configuration. Thus, for eIMTA enabled cell, the UL subframe(s) reconfigured as DL subframe(s) would not have corresponding the PUCCH resources on UL subframe(s) for sending the HARQ-ACK feedback. Basically it means that if Rel-10 CA HARQ operation is simply applied without any modifications, the eIMTA is in practice disabled, which obviously is not intention in the design of eIMTA operation with CA. 
There are two possible approaches for determining HARQ timing when eIMTA is operating with CA,
· Approach #1: Rel-11 inter-band TDD CA HARQ timing determination method is applied if at least one of the serving cells is eIMTA enabled. The DL-reference UL-DL configuration can be derived based on DL HARQ reference configuration(s) instead of SIB-1 signalled UL-DL configuration(s); UL- reference UL-DL configuration is determined according to SIB-1 signaled UL-DL configuration.
· Approach #2: UL and DL HARQ timings are determined separately,
UL HARQ timing is defined according to Rel-10 CA or according to Rel-11 CA depending on wheter the SIB-1 configurations for the PCell and the SCell are the same or not.

DL reference configuration determines DL HARQ operation either according to Rel-10 CA or according to Rel-11 CA. 
a. In case when the DL HARQ reference configurations are the same for serving cells, or SIB-1 signaled UL-DL configuration in one cell and DL HARQ reference configuration in another cell are the same, the HARQ timings are derived similarly as in Rel-10 CA, with an exception that DL HARQ reference configuration is used instead of SIB-1 signalled UL-DL configuration to determine PDSCH HARQ timing. 
b. For other cases, HARQ timings are derived similarly as in Rel-11 CA, with an exception that DL HARQ reference configuration is used instead of SIB-1 signaled UL-DL configuration to determine the DL-reference UL-DL configuration.
The standard impacts of above two approaches are slightly different; the Approach #1 could have less standard impact compared to Approach #2. This is due to the fact that there is no need to separate different cases to derive the HARQ timing based on different rules in Approach #2. However from performance point of view Approach #2 results in better solution: if Rel-11 HARQ timing detemination is always adopted and PUCCH format 1b with channel selction is configured, as discussed in Rel-11 inter-band TDD CA, some of HARQ-ACK states could be overlapped in the mapping table or the bundling window size could be zero in one of serving cell for some Pcell and Scell combinations. Hence, the performance of Rel-11 CA could be little worse than Rel-10 CA. Based on this discussion, we propose to select Approach #2 as way forward:   
Proposal 1: DL reference configuration determines HARQ operation either according to Rel-10 CA or according to Rel-11 CA in the case when eIMTA operates in combination with CA.
3
Conclusion

In this contribution, we discuss HARQ timing determination in the case when TDD eIMTA is operating with CA. To ensure both features work together properly, we have the following proposal:
Proposal 1: DL reference configuration determines HARQ operation either according to Rel-10 CA or according to Rel-11 CA in the case when eIMTA operates in combination with CA.
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