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1. Introduction
In RAN#60, the work item “LTE TDD-FDD joint operation” [1] was approved. Introduction of LTE TDD-FDD Carrier Aggregation in Rel-12 specification from RAN#61 until RAN#64:
· Introduce LTE TDD - FDD Carrier Aggregation support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work.

· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers
· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network
· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network
· No new TDD UL-DL configuration is introduced
· Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11. 

In this contribution, we raise some physical layer related issues to be considered for TDD-FDD CA and provide our views on these issues.
2. Discussions
The issues to be considered for TDD-FDD CA include:
· The number of carrier to be aggregated

· The number of TDD UL-DL configuration to be aggregated

· Whether to support cross-scheduling for TDD-FDD CA

· PUCCH related issue

· Scheduling and HARQ timing

· Others 

The detailed analysis and our views on each issue are discussed in the following subsection. 
2.1. The number of carriers to be aggregated
CA was introduced in Rel-10 to support wider bandwidth. The number of carriers to be aggregated is up to five and up to 100MHz system bandwidth can be supported in Rel-10. The number of carriers to be aggregated for TDD-FDD CA should also be considered. The UE requirement would be too high to support up to five FDD carriers and up to five TDD carriers for TDD-FDD CA. In TDD-FDD CA, the number of carriers to be aggregated is also up to five.
Proposal1:  InTDD-FDD CA, the number of carriers to be aggregated is up to five.
2.2. The number of TDD UL-DL configurations to be aggregated
In TDD-FDD CA, aggregation of FDD carriers and TDD carriers with the same UL-DL configuration could be considered in the first stage. If inter-band TDD carriers with different UL-DL configurations would be aggregated in TDD-FDD CA operation, inter-band TDD CA solutions in Rel-11 can be reused for TDD-FDD CA.

Proposal2: Aggregation of FDD carriers and TDD carriers with the same UL-DL configuration could be considered in the first stage. If inter-band TDD carriers with different UL-DL configurations would be aggregated in TDD-FDD CA operation, inter-band TDD CA solutions in Rel-11 can be reused.
2.3. Whether to support cross-carrier scheduling for TDD-FDD CA
In Rel-10, cross-carrier scheduling is introduced for PDCCH load balancing and CA based eICIC in het-net scenario. If the cross-carrier scheduling could be applied for TDD-FDD CA, the same benefit would also be achieved. Moreover, support of cross-carrier scheduling between TDD cells and FDD cells is feasible and not very complicated. Cross-carrier scheduling for TDD-FDD CA may face the problem that partial subframes in FDD carriers can’t be scheduled when TDD cell is the scheduling cell. A similar problem also exists in inter-band TDD CA and the solution is scheduling restriction. In order to reducing impact on standard, scheduling restriction could also be reused in TDD-FDD CA.
Proposal3: Cross-scheduling is supported for TDD-FDD CA.
2.4. PUCCH related issue
In Rel-10, PUCCH transmission is restricted to only one cell to avoid high CM of multiple PUCCHs transmission. In TDD-FDD CA, transmitting multiple PUCCHs without CM problem is possible for UEs which support simultaneous transmission on FDD cell and TDD cell, but the specification impact is serious because extra schemes (e.g.,  new power scaling scheme and new simultaneous UCI transmission, etc) should be introduced. For UEs which cannot support simultaneous transmission on FDD cell and TDD cell, PUCCH is transmitted on only one cell. From the perspective of using a uniform solution and reducing specification impact, it is preferable that PUCCH is still transmission on only one cell. In Rel-10/ 11, PUCCH transmission is restricted to only PCell. PUCCH would always be transmitted on the PCell in TDD-FDD CA for the sake of reusing existing CA solution in Rel-10/11.
Proposal4: PUCCH transmission is restricted to only PCell.
2.5. Scheduling and HARQ timing 
2.5.1. DL scheduling and HARQ timing issues
HARQ-ACK timing of PCell PDSCH should follow the PCell timing for inter-band CA as agreed in Rel-11. This agreement could also be applied for TDD-FDD CA. 
Different solutions for DL scheduling and HARQ timing on SCell would be considered for different TDD-FDD CA scenarios:
· FDD cell is PCell and TDD cell is SCell.
· In case of self-scheduling
Two solutions may be considered in this case.
· Alt 1: follow PCell timing, i.e. The HARQ-ACK timing of TDD cell PDSCH should follow FDD cell HARQ-ACK timing. An example is shown in figure 1.
· Alt 2: follow SCell timing itself, i.e. The HARQ-ACK timing of TDD cell PDSCH should follow TDD cell HARQ-ACK timing. An example is shown in figure 2.
Compared to Alt2, the feedback latency of Alt1 is shorter and the timing bundling could be avoided. It is preferable to use Alt1.
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Figure 1 DL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#1
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Figure 2 DL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#1
· In case of cross-scheduling
All PDSCH on TDD cell can be scheduled because the DL subframes on FDD cell is a superset of DL subframes on TDD cell. The HARQ-ACK timing of SCell PDSCH is same as the case of self-scheduling.
Proposal5: When FDD cell is PCell and TDD cell is SCell, the HARQ-ACK timing of SCell PDSCH could follow PCell timing regardless of self-scheduling or cross-scheduling.
· TDD cell is PCell and FDD cell is SCell
· In case of self-scheduling
FDD can be seen as one of TDD UL-DL configurations by some scheduling restriction and TDD-FDD CA can be taken as a special case of TDD CA. The HARQ-ACK timing of FDD cell PDSCH should follow a TDD reference configuration HARQ-ACK timing. 
· In case of cross-scheduling
Not all PDSCH on TDD cell can be scheduled because the DL subframes on TDD cell is a subset of DL subframes on FDD cell. The HARQ-ACK timing of SCell PDSCH is same as the case of self-scheduling.

Proposal6: When TDD cell is PCell and FDD cell is SCell, the HARQ timing of SCell PDSCH could follow a TDD reference configuration HARQ-ACK timing regardless of self-scheduling or cross-scheduling. 
2.5.2. UL scheduling and HARQ timing issues
PHICH should be transmitted on the cell carrying the UL grant and the HARQ timing of scheduling cell PUSCH should follow the scheduling cell timing as agreed in Rel-11 CA.  Such agreements could also be applied for self-scheduling case in TDD-FDD CA. 
The scheduled cell PUSCH timing in case of cross-scheduling would be considered for different TDD-FDD CA scenarios:
· FDD cell is scheduling cell and TDD cell is scheduled cell

· Alt1：The TDD cell PUSCH timing would follow TDD cell PUSCH timing. 
An example is shown in figure 4. In this solution, no new HARQ timing would be introduced and the specification impact could be ignored.  But the scheduling latency of UL grant is large and PHICH collision would be serious for TDD UL-DL configuration #0.
· Alt 2: The timing of UL grant and PUSCH of TDD cell should follow FDD cell PUSCH timing and the timing of retransmission of TDD cell should follow TDD cell PUSCH timing. 
An example is shown in figure5. Benefits of this solution include no scheduling latency for UL grant, no PHICH collision for TDD UL-DL configuration #0, no new PUSCH timing to be introduced and no impact on the retransmission of PUSCH. Small specification impact would be expected for Alt2. 
Alt2 is preferable considering trade-off between the performance and specification impact.
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Figure 3 UL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#0
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 Figure 4 UL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#0
Proposal7:  When FDD cell is scheduling cell and TDD cell is scheduled cell, the timing of UL grant/PHICH  and PUSCH on TDD cell should follow FDD cell PUSCH timing, and the timing of retransmission on TDD cell should follow TDD cell PUSCH timing.
· TDD cell is scheduling cell and FDD cell is scheduled cell
FDD can be seen as one of TDD UL-DL configurations by some scheduling restriction. The TDD-FDD CA can be taken as a special case of TDD carriers CA. The PUSCH timing of FDD cell PUSCH should follow a reference configuration PUSCH timing.
Proposal8: When TDD cell is scheduling cell and FDD cell is scheduled cell, the scheduled cell PUSCH timing should follow a reference configuration PUSCH timing.
2.6. Others
Some other issues (e.g., MTA parameter, the parameters of CSI/SRS, etc) may be considered for TDD-FDD CA.  
3. Conclusion

In this contribution, issues and potential solutions for TDD-FDD CA are discussed. We have following proposals:
Proposal1:  InTDD-FDD CA, the number of carriers to be aggregated is up to five.
Proposal2: Aggregation of FDD carriers and TDD carriers with the same UL-DL configuration could be considered in the first stage. If inter-band TDD carriers with different UL-DL configurations would be aggregated in TDD-FDD CA operation, inter-band TDD CA solutions in Rel-11 can be reused.
Proposal3: Cross-scheduling is supported for TDD-FDD CA.
Proposal4: PUCCH transmission is restricted to only PCell.
Proposal5: When FDD cell is PCell and TDD cell is SCell, the HARQ-ACK timing of SCell PDSCH could follow PCell timing regardless of self-scheduling or cross-scheduling.
Proposal6: When TDD cell is PCell and FDD cell is SCell, the HARQ timing of SCell PDSCH could follow a TDD reference configuration HARQ-ACK timing regardless of self-scheduling or cross-scheduling.
 Proposal7:  When FDD cell is scheduling cell and TDD cell is scheduled cell, the timing of UL grant/PHICH and PUSCH on TDD cell should follow FDD cell PUSCH timing, and the timing of retransmission on TDD cell should follow TDD cell PUSCH timing.
Proposal8: When TDD cell is scheduling cell and FDD cell is scheduled cell, the scheduled cell PUSCH timing should follow a reference configuration PUSCH timing.
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