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1 Introduction

In RAN1 #66b meeting, open issues for CA with different TDD UL-DL configurations were discussed [1]-[11]. This contribution addresses DL/UL HARQ timing issues and discusses if UL/DL HARQ-ACK timing defined in Rel-10 can be maintained in CA with different TDD UL-DL configurations, for each of the cases with cross-carrier scheduling and with only self-scheduling. 
2 UL HARQ-ACK timing for different TDD UL-DL configurations with CA
In Rel-10, UL HARQ-ACKs are transmitted only on Pcell whether PDSCH was scheduled in Pcell or Scells. Also, since the same TDD UL-DL configuration is applied in CA, UL HARQ-ACK transmission on Pcell incurs no problem even under cross-carrier scheduling. But, if different TDD UL-DL configurations are introduced in Rel-11, it is questionable whether transmission timing of UL HARQ-ACK in Rel-10 can be maintained without addition of any additional timing. 
In Rel-10 CA, UL HARQ-ACKs for all PDSCHs sent on CA cells are aggregated and transmitted only on Pcell via a single PUCCH. Figure 1 shows an example of HARQ-ACK transmissions when two different TDD UL-DL configurations are used in the Pcell and the Scell. In Figure 1, the Pcell and the Scell configure TDD UL-DL configurations #1 and #6, respectively. Figure 1(a) and 1(b) are for the cases of cross carrier and self scheduling, respectively. The red arrow line indicates linkage from PDCCH on the Pcell to the corresponding PDSCH on the Scell, and the green arrow line indicates linkage from PDSCHs on the Pcell and the Scell to corresponding UL HARQ-ACK feedback on the Pcell. Given no cross-subframe PDSCH scheduling, the UL HARQ-ACK timing issue is the same for both cross-carrier and self scheduling cases because the problem is about the timing between PDSCH reception and UL HARQ-ACK transmission.
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(a) Cross-carrier scheduling
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(b) Self scheduling
Figure 1: An example for UL HARQ-ACKs transmission in case of cross-carrier scheduling.
In Figure 1(a), UL HARQ-ACK for the PDSCH scheduled in DL subframe #9 of Pcell is transmitted in UL subframe #3 of Pcell. Also, UL HARQ-ACK for the PDSCH in Scell DL subframe #9 cross-carrier scheduled by a PDCCH in the same subframe of Pcell is transmitted in UL subframe #3 of Pcell. However, in TDD UL-DL configuration #6 in Rel-10, UL HARQ-ACK for PDSCH sent in DL subframe #9 has to be transmitted in UL subframe #4. The problem arises because subframe #4 in Pcell is DL subframe and thus UL HARQ-ACK for the PDSCH of Scell subframe #9 is not possible to be transmitted in Pcell subframe #4. Among all possible combinations of different TDD UL-DL configurations between Pcell and Scell, the ratio of the such cases is 28%, whether cross-carrier scheduling or self scheduling. The cases refer to the ones that UL HARQ-ACK transmission on Pcell for a cross-scheduled PDSCH of Scell cannot follow the UL HARQ-ACK timing defined in Rel-10 for the TDD UL-DL configuration of Scell, due to the absence of the UL subframe in the corresponding timing on Pcell. The problem can be avoided if no PDSCH transmission is scheduled for the Scell subframes for which the corresponding Pcell subframe for the UL HARQ-ACK feedback is a DL subframe. But, this scheduling restriction can be easily avoided by allowing UL HARQ-ACK to be transmitted on a Pcell UL subframe close to the Scell subframe. As asynchronous HARQ is applied in downlink, this does not incur any additional complexity on the DL HARQ operations. 
Proposal 1: Additional UL HARQ-ACK transmission timing can be added in Rel-11 to well support Pcell based PUCCH transmission in CA with different TDD UL-DL configurations.
3 PHICH timing in CA with different TDD UL-DL configurations 
In Rel-10, PHICH in response to reception of a PUSCH is transmitted on the cell with the corresponding PDCCH transmission. Since the same TDD UL-DL configuration is applied in Rel-10 CA, PHICH transmission on the scheduling cell incurs no problem even under cross-carrier scheduling. But, if different TDD UL-DL configurations are applied between the cells, fully reusing Rel-10 PHICH timing can become difficult in case of cross-carrier scheduling because there may not exist any PHICH resource nor DL subframe on the scheduling cell at the time where the corresponding PHICH/PDCCH is transmitted for PUSCH on the cross-carrier scheduled cell. 
Cross-carrier scheduling 
Figure 2 shows an example for PHICH transmissions on Pcell in case of cross-carrier scheduling. In Figure 2, the Pcell and the Scell configure TDD UL-DL configurations #1 and #4. The red arrow line indicates linkage from UL-grant PDCCH to the corresponding PUSCHs on the Pcell and the Scell, and the green arrow line indicates linkage from the PUSCHs to corresponding PHICH/PDCCH for DL HARQ-ACK feedback. It is noted that the subframes in white have no PHICH resources defined in Rel-10. The PUSCH on the Scell is cross-carrier scheduled by the Pcell. The PHICH/PDCCH for DL HARQ-ACK feedback is transmitted on the Pcell from which the UL-grant PDCCH has been transmitted, as done in Rel-10.
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Figure 2: An example for PHICH transmission in case of cross-carrier scheduling.
In Figure 2, PHICH/PDCCH for PUSCH in UL subframe #2 of Pcell is transmitted in DL subframe #6 of Pcell. The  PHICH/PDCCH for PUSCH in UL subframe #2 of Scell, which is cross-carrier scheduled by the UL grant in DL subframe #6 of Pcell, is also transmitted in DL subframe #6 of Pcell. This timing is not aligned with the Rel-10 timing in that DL HARQ-ACK for PUSCH in UL subframe #2 has to be transmitted in DL subframe #8 in TDD UL-DL configuration #4. This problem arises because subframe #8 in Pcell is UL subframe and thus DL HARQ-ACK for the PUSCH of Scell subframe #2 is not possible to be transmitted in Pcell subframe #8. The problem is similar to the issue of UL HARQ-ACK transmission discussed in Section 2. However, an important aspect for consideration for DL HARQ-ACK timing is that UL transmission is based on synchronous HARQ and the change in DL HARQ-ACK timing will results in re-defining of the whole timing relationship between the consecutive HARQ transmissions for each of the HARQ processes for each of the combinations of TDD UL-DL configurations. In this perspective, it seems more careful investigation is needed about changing the timing of DL HARQ-ACK transmission.
Self scheduling 
Figure 3 shows an example of PHICH transmissions in case of self-scheduling. In Figure 3, the Pcell and the Scell configure TDD UL-DL configurations #3 and #4, respectively. As seen from Figure 3, there seems no issue regarding PHICH transmission in case of self scheduling because the PHICHs are transmitted on the respective cells where the corresponding PUSCH is transmitted. Thus, the DL HARQ-ACK timing as defined in Rel-10 can be applied according to the corresponding TDD UL-DL configurations configured in the respective cells.
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Figure 3: An example for DL PHICH transmission in case of self scheduling.
Proposal 2: Defining additional DL HARQ-ACK transmission timing can be considered to well support PHICH transmission on the cell carrying the UL grant without scheduling restrictions. However, it needs more investigation of the specification impact on the whole timing of UL synchronous HARQ for each combination of TDD UL-DL configurations.
4 Conclusions
This contribution discussed DL/UL HARQ-ACK transmission aspects for different TDD UL-DL configurations in CA with consideration of both cross-carrier and self scheduling cases. Based on the observations presented in the contribution, it is proposed that
· Proposal 1: Additional UL HARQ-ACK transmission timing can be added in Rel-11 to well support Pcell based PUCCH transmission in CA with different TDD UL-DL configurations,
· Proposal 2: Defining additional DL HARQ-ACK transmission timing can be considered to well support PHICH transmission on the cell carrying the UL grant without scheduling restrictions. However, it needs more investigation of the specification impact on the whole timing of UL synchronous HARQ for each combination of TDD UL-DL configurations.
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