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1 Introduction
In RAN1#68bis, the following conclusions were made for PDSCH timing:
On PDSCH timing  for the case where  SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

Continue discussion. Revisit after the cross-subframe scheduling discussion.

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is the timing table in alternative 1

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

·  In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69

PUSCH timing was also discussed, with the following status captured in the chairman’s notes:
Case B:

· For cross carrier scheduling

· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable

                     Support: Sharp, Samsung, Ericsson, ST-Ericsson, NEC, CATT (at least for half-duplex UE), 

· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes

          Support: ZTE, Potevio, Intel, Pantech, Qualcomm, Panasonic, Huawei, Hi-silicon, LGE, NSN, Nokia, Renesas

Conclusion: continue discussion, take into account UE procedure considerations if PHICH is not available. 

In this contribution, we discuss the remaining open issues and give our views on them. 
2 Open issues for supporting different TDD UL-DL configurations
2.1 PDSCH HARQ timing
For PDSCH HARQ, in case the DL-grant of the serving cell and PDSCH on the scheduled cell is not on the same subframe n, to support downlink cross-carrier scheduling, multi-TTI/cross-subframe scheduling would have to be supported, which would generate great impact on standardisation. Therefore we propose not to support DL cross-carrier scheduling in case the DL-grant of the serving cell and PDSCH on the scheduled cell is not on the same subframe n. 
Under this assumption, to support cross-carrier scheduling for Case B and Case C, one possible solution is that PDSCH HARQ of SCell follows that of the PCell SIB1 configuration for the consistent DL subframes, so that minimal impact is introduced on the specifications and the existing implicit PUCCH resource assignment mechanism can be reused. The drawback of this solution is that it will lose some PDSCH subframes on the SCell, and the peak rate may not be achievable. Nonetheless, it has minimal impact on the specifications and can be easily supported.
· Proposal 1: In cases that the DL subframe set of SCell is a super set of  that of PCell (Case B) and the DL subframe set of SCell is neither  a super nor subset  set of  that of PCell (Case C), PDSCH cross-carrier scheduling should be supported only for the subframes that are DL on both PCell and SCell. The PDSCH HARQ timing on SCell follows that of the PCell SIB1 configuration.
2.2  PUSCH HARQ/scheduling timing
For PUSCH HARQ/scheduling, as summarized in the last meeting, for Case B, if the UL subframes indicated by the scheduled cell’s configuration are a super-set of the UL subframes indicated by the scheduling cell’s configuration, and if the PUSCH RTT of the scheduling cell is 10 ms, two alternative solutions can be considered for solving the timing issues. For Alt1, as addressed in the introduction, the benefit is that PHICH/UL-grant of the consistent UL subframes can be conveyed on the legacy PHICH/UL-grant DL subframe according to the TDD configuration of the scheduling cell, and thus no PHICH/UL-grant issue exists. However, for the inconsistent UL subfames on the scheduled cell, the scheduling cell will give up the PUSCH transmission on them, and thus it will cause bandwidth wastage and the peak rate may not be achievable. For Alt2, if following the scheduled cell’s PUSCH HARQ/scheduling timing, the benefit is that this solution enables the peak rate to be achieved. However, if the PHICH/UL-grant is mapped on a DL subframe which cannot convey legacy PHICH/UL-grant on the scheduling cell, PHICH/UL-grant collisions happen. To support Alt2, a new timing table beyond Rel-8/9/10 for PHICH/UL-grant is necessary which will inevitably generate a big impact on the specifications.  Based on the above analysis, we recommend Alt1, where the PHICH/UL-grant timing follows that of the scheduling cell.
· Proposal 2: If the PUSCH RTT is 10 ms, in cases that the UL subframe set of the scheduled cell is a super-set of  that of the scheduling cell (Case B) and the UL subframe set of the scheduled cell is  neither  a super-set nor a subset  set of  that of the scheduling cell (Case C), the PUSCH HARQ and scheduling timing for cross-carrier scheduling should follow that of the scheduling cell. 
For Case D, if the PUSCH RTT of the scheduling cell is not 10 ms, such as when Configurations 0 or 6 are configured, a PUSCH retransmission may happen on a DL subframe on the scheduled cell by following the timing of the scheduling cell. To solve such collisions, we have shown that some possible solutions exist in [1]. However, considering the complexity of these solutions, we further propose not to support PUSCH cross-carrier scheduling for Case D in Rel-11.

· Proposal 3: If the PUSCH RTT of the scheduling cell is not 10 ms, PUSCH cross-carrier scheduling should not be supported. 
3 Summary
Based on the analysis on this contribution, we have the following proposals:

· Proposal 1: In cases that the DL subframe set of SCell is a super set of  that of PCell (Case B) and the DL subframe set of SCell is neither  a super nor subset  set of  that of PCell (Case C), PDSCH cross-carrier scheduling should be supported only for the subframes that are DL on both PCell and SCell. The PDSCH HARQ timing on SCell follows that of the PCell SIB1 configuration.
· Proposal 2: If the PUSCH RTT is 10 ms, in cases that the UL subframe set of the scheduled cell is a super-set of  that of the scheduling cell (Case B) and the UL subframe set of the scheduled cell is  neither  a super-set nor a subset  set of  that of the scheduling cell (Case C), the PUSCH HARQ and scheduling timing for cross-carrier scheduling should follow that of the scheduling cell. 
· Proposal 3: If the PUSCH RTT of the scheduling cell is not 10 ms, PUSCH cross-carrier scheduling should not be supported. 
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