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1 Introduction

In RAN1 #66 meeting, an outcome of the discussions was a list of open questions for CA with different TDD UL-DL configurations in the chairman’s note. This contribution provides our views on these questions. More details on DL/UL HARQ-ACK and data scheduling issues for a UE configured with different TDD UL-DL configurations are discussed in companion contributions [1] and [2].
2 Open questions and views
Q1: Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported? 
One of the motivations for introducing cross-carrier scheduling in Rel-10 was to provide protection to PDCCH for scheduling UL/DL data transmissions on an interfered cell while transmitting the PDCCH on a less interfered cell. Such interference issues also exist for inter-band TDD CA with different TDD UL-DL configurations. Also, cross-carrier scheduling is beneficial in relaxing the problem of PDCCH resource shortage, especially for TDD. The PDCCH capacity problem in TDD can get worse for TDD UL-DL configurations with a small number of DL subframes. In such cases, it would be helpful to configure UEs to receive PDCCH through cross-carrier scheduling from a cell with a TDD UL-DL configuration having a larger number of DL subframes. Cross-carrier scheduling can also be useful in half-duplex operation scenarios, e.g., in cases UL subframes in Pcell are prioritized over DL subframes in Scell to support half-duplex operations for the UEs. When PUCCH is to be transmitted in an UL subframe of Pcell, UL grant in DL subframe of Scell at the time cannot be transmitted for the half-duplex UEs, resulting that PUSCH in an UL subframe of Scell linked to the UL grant cannot be scheduled under Rel-10 HARQ timeline. But, with cross-carrier scheduling, the UL grant can be sent in a DL subframe of Pcell without missing the chance to schedule PUSCH transmission on the Scell. While cross-carrier scheduling may have higher specification impact, this additional impact may be marginal and easily dealt with, e.g., by limiting the cases where cross-carrier scheduling is allowed. Cross-carrier scheduling for PDSCH transmissions in a cell can be allowed only when the DL subframes between the cells of PDCCH transmissions and of PDSCH transmission are aligned. Therefore, the advantages of supporting cross-carrier scheduling outweigh the disadvantages. 
Proposal 1
Yes. Cross-carrier scheduling between cells with different TDD UL-DL configurations is supported.
Q2: How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic) 
We consider that supporting more than 2 bands is unrealistic. In Rel-10, the discussion on the number of bands was under RAN4 and the decision on the number of supportable bands in Rel-11 TDD CA will also be made by RAN4. Even if more than 2 bands are decided to be supported in Rel-11, we envision that realistic scenarios can be achieved by limiting the number of different TDD UL-DL configurations to be supported among all configured bands to at most 2. We also do not see convincing motivation and additional benefits from supporting more than two active configurations from the UE perspective. Two different TDD UL-DL configurations seems sufficient both from standardization efforts and from practical operations/implementation perspectives.
Proposal 2
At most two bands are supported. In cases with more than two bands, the number of different TDD UL-DL configurations among the configured bands can be limited to at most two.
Q3: Are there any restrictions on which combinations of UL-DL configurations can be aggregated? 
In terms of data scheduling and HARQ-ACK transmission timing, there can be preferred combinations of TDD UL-DL configurations which can make the resulting data scheduling and HARQ-ACK timing very similar to that of Rel-10. But the problem is that the preferred combinations of TDD UL-DL configurations are usually different for data scheduling and for HARQ-ACK transmission. This is because it is preferred that the Pcell (or the cell performing cross-carrier scheduling) has more DL subframes than the Scell (or the cross-carrier scheduled cell) in terms of data scheduling while it may be better for the Pcell to have more UL subframes than the Scell in terms of HARQ-ACK transmission. Therefore, restrictions on the combinations of TDD UL-DL configurations should be further investigated and be carefully decided considering which aspect is more important and also considering the specification impact.
Proposal 3

FFS for the restrictions on combinations of TDD UL-DL configurations. 
Q4: Is PUCCH still transmitted on only 1 CC? 
In Rel-10, it was decided that PUCCH is transmitted on only 1 CC (Pcell) although there can exist multiple UL CCs where PUCCH can be transmitted at the same time. One of the reasons was that UL CA capability is UE-specific and some UEs may support only 1 UL CC. Thus, as in Rel-10, PUCCH transmission on only 1 CC for TDD CA with different TDD UL-DL configurations should be supported for the UEs capable of supporting only 1 UL CC. Then, additional support of PUCCH transmission on multiple CCs will lead to additional standardization effort.
Proposal 4 

Yes. PUCCH is transmitted on only 1 CC.

Q5: Is PUCCH always on the PCell? 
If PUCCH is decided to be transmitted on only 1 CC as in Rel-10, it is natural that this cell is the Pcell. Therefore, PUCCH transmission on Pcell should be prioritized and additional standardization effort to support PUCCH transmission on Scells is FFS.
Proposal 5
Yes. PUCCH is always transmitted on the Pcell.

Q6: Is PHICH transmitted on the cell carrying the UL grant?
It is preferred that PHICH is transmitted on the cell carrying the UL grant. If the cells carrying the UL grant and the PHICH are different, a UE should try to receive UL grant and PHICH separately in cells on different bands which is not aligned with the Rel-10 design principle. Such operation does not provide any clear benefits but instead it rather increases complexity compared to the Rel-10 design. Furthermore, considering that an UL grant scheduling an HARQ retransmission of a corresponding PUSCH is also to be transmitted on the same cell as the one with the initial UL grant, it is desirable that the PHICH is transmitted on the cell carrying the UL grant.
Proposal 6
Yes. PHICH is transmitted on the cell carrying the UL grant.

Q7: Same HARQ timing rules as in Rel-10?
The mismatches between DL and UL subframes in the Pcell and the Scell, due to different TDD UL-DL configurations, require deviations from the Rel-10 HARQ-ACK timing rule in order to support UL/DL HARQ-ACK transmissions. In particular, the timing for UL HARQ-ACK transmission in response to PDSCH reception should be somewhat changed, regardless of whether cross-carrier scheduling is introduced or not, if PUCCH is decided to be transmitted on only one CC. This is because the cell for PUCCH transmission may not have an UL subframe for the Rel-10 the timing of the HARQ-ACK feedback. On the other hand, for the DL HARQ-ACK transmission timing, a new HARQ-ACK timing rule may be needed only if cross-carrier scheduling is introduced because, unlike the self-scheduling case, PDCCH/PHICH and PUSCH transmissions occur on different cells.
Proposal 7
No. Additional HARQ timing rule is needed to support UL/DL HARQ-ACK transmission in CA with different TDD UL-DL configurations.
Q8: Same scheduling timing as in Rel-10?
Considering the potential support of cross-carrier scheduling and the DL/UL subframe mismatch between cells with different TDD UL-DL configurations, new scheduling timing may be necessary (on top of the Rel-10 scheduling timing), at least if cross carrier scheduling is to be adopted. For example, if UL and DL subframes are configured in Pcell and Scell, respectively, PDSCH on the DL subframe in the Scell cannot be scheduled by the Pcell following the same subframe timing. Then, defining additional scheduling timing is needed in order to support PDSCH transmissions in the Scell. Also, the location of the DL subframe in the Pcell scheduling a PUSCH transmission on the Scell can be different from that of the Scell for the self-scheduling case.
Proposal 8
No. Additional scheduling timing may be necessary considering support of cross-carrier scheduling and DL/UL subframe mismatch between cells with different TDD UL-DL configurations.

3 Conclusions
This contribution presented our views on the open questions for CA with different TDD UL-DL configurations and the views can be summarized as below:
Proposal 1: Cross-carrier scheduling between cells with different TDD UL-DL configurations is supported.
Proposal 2: At most two bands are supported. In cases with more than two bands, the number of different TDD UL-DL configurations among the configured bands can be limited to at most two.
Proposal 3: FFS for the restrictions on combinations of TDD UL-DL configurations.
Proposal 4: PUCCH is transmitted on only 1 CC.

Proposal 5: PUCCH is always transmitted on the Pcell.
Proposal 6: PHICH is transmitted on the cell carrying the UL grant.

Proposal 7: Additional HARQ timing is needed to support UL/DL HARQ-ACK transmission in CA with different TDD UL-DL configurations.
Proposal 8: Additional scheduling timing may be necessary considering support of cross-carrier scheduling and DL/UL subframe mismatch between cells with different TDD UL-DL configurations.
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