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1 Introduction

In RAN1 #67, HARQ timing rules and PUCCH transmission for carrier aggregation scenarios with different TDD UL-DL configurations were agreed as follows. 
· The HARQ timing rules is as follows,
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.

Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.
· For PUCCH transmission, working assumption is PUCCH on PCell-only.
As per the above agreement to not introduce any new HARQ-ACK timing table (Option 2), this contribution discusses UL HARQ-ACK (PUCCH) timing in more detail, with taking into account that PUCCH is sent on Pcell only as agreed in RAN1#67. DL HARQ-ACK timing is addressed in a companion paper [1].
2 UL HARQ-ACK timing 
This contribution discusses UL HARQ-ACK timing for CA with different TDD UL-DL configurations, by categorizing all possible cases of DL and UL subframe alignments for PDSCH transmission on Scell and corresponding UL HARQ-ACK PUCCH transmission on Pcell into three cases as below: 
· Case 1: Both Pcell and Scell have DL subframes at the timing of PDSCH transmission on Scell (Figures 1 and 2).
· Case 2: Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell also has a UL subframe (Figure 3).
· Case 3: Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell has a DL subframe (Figure 4).
Among the above three cases, Case 1 is dominant and takes about 81.5% for all possible combinations of two different TDD UL-DL configurations between Pcell and Scell. More specifically, 282 instances of DL subframes for PDSCH transmission on Scell results in total for all possible combinations of two different TDD UL-DL configurations and among them, 230 cases (81.5%) belong to Case 1. While Case 1 is dominant, support for Cases 2 and 3 are considered as well because the portion changes depending on a combination of TDD UL-DL configurations and flexible support of PDSCH scheduling on Scell in any TDD UL-DL configuration is beneficial.
The following discussions apply to both self and cross-carrier scheduling, as UL HARQ-ACK timing is about the timing from a PDSCH transmission to corresponding UL HARQ-ACK feedback.
Case 1
Figures 1 and 2 illustrate example configurations for Case 1, in which both Pcell and Scell have DL subframes at the timing of PDSCH transmission on Scell. In all figures, the solid arrow lines indicate linkage from PDSCH transmission on Pcell and Scell to corresponding UL HARQ-ACK transmission on the Pcell. The dotted arrow lines correspond to the timing of PDSCH to UL HARQ-ACK transmission for the TDD UL-DL configuration of the Scell.
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Figure 1: An example configuration for Case 1.
In Figure 1, Pcell and Scell configure TDD UL-DL configurations #2 and #3, respectively. UL HARQ-ACK for the PDSCH sent in DL subframe #1 of Pcell is transmitted in UL subframe #7 of Pcell according to the UL HARQ-ACK timing for the TDD UL-DL configuration #2 of the Pcell. This UL HARQ-ACK timing can apply to the PDSCH sent in Scell DL subframe #1 as well, which is aligned with the PDSCH transmission on the Pcell. Although UL HARQ-ACK for the PDSCH sent in DL subframe #1 of the Scell is supposed to be sent in UL subframe #2, as shown by the dotted arrow line in Figure 1, by the timing defined for the TDD UL-DL configuration #3 of the Scell, the UL HARQ-ACK for the Scell PDSCH is sent in UL subframe #7 of the Pcell along with the UL HARQ-ACK for the Pcell PDSCH. This operation is aligned with that of Rel-10 in which the Pcell and the Scell have the same UL HARQ-ACK timing and thus the Pcell timing is naturally followed even for UL HARQ-ACK transmissions for the PDSCHs sent in Scells. 
Figures 2(a) and (b) illustrate other example configurations for Case 1.
In Figure 2(a), Pcell and Scell configure TDD UL-DL configurations #1 and #6, respectively. For the PDSCH sent in Scell DL subframe #9 aligned with DL subframe #9 of the Pcell, the corresponding UL HARQ-ACK is sent in UL subframe#3 of the Pcell according to the UL HARQ-ACK timing for the TDD UL-DL configuration #1 of the Pcell. It is noted that even when UL HARQ-ACK for the PDSCH of Scell DL subframe #9 is preferred to be sent in UL subframe #4 according to the UL HARQ-ACK timing for the TDD UL-DL configuration #6 of the Scell, the UL HARQ-ACK cannot be conveyed in subframe #4 of the Pcell as subframe #4 is for DL in the Pcell.
In Figure 2(b), Pcell and Scell configure TDD UL-DL configurations #1 and #2, respectively. For the PDSCH sent in Scell DL subframe #5 aligned with DL subframe #5 of Pcell, UL HARQ-ACK can be transmitted in Pcell subframe #2 according to the UL HARQ-ACK timing for the TDD UL-DL configuration #1 of the Pcell which happens to be the same as that of TDD UL-DL configuration #2 of the Scell.
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(b)

Figure 2: Other example configurations for Case 1.
Observation 1
· For Case 1 in which both Pcell and Scell have DL subframes at the timing of PDSCH transmission on Scell:
· UL HARQ-ACK in response to a PDSCH transmission on Scell can be sent in a UL subframe of Pcell according to the PDSCH to UL HARQ-ACK timing of the Pcell.
Case 2

Figure 3 is an example configuration for Case 2 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell also has a UL subframe.
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Figure 3: An example configuration for Case 2.
In Figure 3, Pcell and Scell configure TDD UL-DL configurations #1 and #2, respectively. For a PDSCH sent in Scell DL subframe #3, the corresponding UL HARQ-ACK cannot follow UL HARQ-ACK timing of the Pcell, because subframe #3 is a UL subframe in the Pcell and no UL HARQ-ACK timing is defined for subframe #3 of the TDD UL-DL configuration #1 of the Pcell. In this case, in order to support transmission of UL HARQ-ACK on Pcell for the Scell PDSCH, the UL HARQ-ACK timing of the Scell TDD UL-DL configuration can be used.

Observation 2
· For Case 2 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell also has a UL subframe:

· UL HARQ-ACK in response to a PDSCH transmission on Scell can be sent in a UL subframe on Pcell by following the PDSCH to UL HARQ-ACK timing defined for the TDD UL-DL configuration of Scell. 
Case 3
Figure 4 is an example configuration for Case 3 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell has a DL subframe.
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Figure 4: An example configuration for Case 3.
In Figure 4, the Pcell and the Scell configure TDD UL-DL configurations #3 and #1, respectively. For a PDSCH sent in Scell DL subframe #4, the corresponding UL HARQ-ACK cannot follow UL HARQ-ACK timing of the Pcell, because subframe #4 in Pcell is a UL subframe. Even more, UL HARQ-ACK timing for the Scell TDD UL-DL configuration cannot be used either because subframe #8 which corresponds to the UL HARQ-ACK transmission timing for the Scell TDD UL-DL configuration is a DL subframe in Pcell. If UL HARQ-ACK transmission is to be supported for this case, another UL HARQ-ACK timing applicable to this case has to be selected from UL HARQ-ACK timing table of Rel-10 other than the timing of Pcell and Scell. In the example as shown in Figure 4, the UL HARQ-ACK timing of TDD configuration #4 defined in Rel-10 has been applied, resulting that UL HARQ-ACK in response to the PDSCH in subframe #4 of the Scell is transmitted in UL subframe #2 of the Pcell.
Observation 3
· For Case 3 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell has a DL subframe:

· It is difficult to support UL HARQ-ACK transmission with the timing of Pcell or Scell. For this case, another UL HARQ-ACK timing from the UL HARQ-ACK timing table of Rel-10 other than the timing of the TDD UL-DL configurations of Pcell and Scell can be considered.
3 Conclusions
This contribution addressed support of UL HARQ-ACK transmissions and the timing for carrier aggregation scenarios with different TDD UL-DL configurations, based on the agreement in RAN1#67 to not introduce any new HARQ-ACK timing table. Depending on the cases of DL/UL subframe alignments between Pcell and Scell, the following observations have been made. 
· For Case 1 in which both Pcell and Scell have DL subframes at the timing of PDSCH transmission on Scell:
· UL HARQ-ACK in response to a PDSCH transmission on Scell can be sent in a UL subframe of Pcell according to the PDSCH to UL HARQ-ACK timing of the Pcell.
· For Case 2 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell also has a UL subframe:

· UL HARQ-ACK in response to a PDSCH transmission on Scell can be sent in a UL subframe on Pcell by following the PDSCH to UL HARQ-ACK timing defined for the TDD UL-DL configuration of Scell. 

· For Case 3 in which Pcell has a UL subframe at the timing of PDSCH transmission on Scell, and at the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of Scell, Pcell has a DL subframe:

· It is difficult to support UL HARQ-ACK transmission with the timing of Pcell or Scell. For this case, another UL HARQ-ACK timing from the UL HARQ-ACK timing table of Rel-10 other than the timing of the TDD UL-DL configurations of Pcell and Scell can be considered.
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