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1. Introduction & Background
During the last  3GPP TSG RAN WG1 #75 meeting, the supporting of cross-carrier scheduling of TDD-FDD joint operation was extensively discussed. The possible sollutions are narrow-down as follows [1]:

· For DL cross-carrier scheduling,

Alt. DL-A: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing
Alt. DL-B: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· except for a cross-carrier scheduled FDD serving cell when the PCell is TDD

· reuse the HARQ timing for self-carrier scheduling on FDD SCell when the TDD is PCell.
· For UL cross-carrier scheduling, 

If the scheduling serving cell is FDD and the scheduled serving cell is TDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows:

· Alt. UL-A1: the TDD scheduled serving cell’s UL/DL configuration.
· Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

If the scheduling serving cell is TDD and the scheduled serving cell is FDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows:

· Alt. UL-A2: a UL-reference UL/DL configuration with no new timing

· Candidate UL reference UL/DL configuration (for down selection):

· TDD scheduling serving cell’s UL/DL configuration

· Fixed reference UL/DL configuration 0

· Configurable reference UL/DL configuration amongst a set of candidates

· Alt. UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

· Alt. UL-C2: Timing follows reference config. which can be one of 7 UL-DL config. or FDD timing.
· Alt. D: No additional spec. change to support cross-carrier scheduling for TDD-FDD CA
· Alt. E: For the case when cross-carrier scheduling cell is FDD, no spec. change compared to Rel-10 CA both for DL and UL for TDD-FDD CA
In this contribution, we will firstly analyze the neccesity of supporting of cross-carrier scheduling in TDD-FDD CA. Then we will compare the benefits and diadvantages of the possible solutions for both downlink and uplink cross-carrier scheduling of TDD-FDD CA.
2. Support of cross-carrier scheduling
The feature of cross-carrier scheduling is supported in Rel-10 and Rel-11 to reduce the inter-cell interference of PDCCH. Therefore we proposal to keep supporting this feature in Rel-12 for TDD-FDD carrier aggregation. However, considering limited time budget in Rel-12, we think the supporting of both downlink and uplink cross-carrier scheduling need be done with minimum specification impact.
Proposal 1: Cross-carrier scheduling should be supported in Rel-12 for TDD-FDD CA with minimum specification impact.
3. Discussion on DL cross-carrier scheduling
In the following, we will analyze the two alternatives for scheduling and HARQ timing of scheduled serving cell in downlink cross-carrier scheduling.
1) Alt. DL-A:

The Alt. DL-A, which sets the DL HARQ timing of the scheduled serving cell follow the PCell’s timing, is consistant with the principle of TDD inter-band CA in Rel-11 which has been supported and implemented. In the last RAN1 group meeting, a working assumption is agreed that for DL, cross-/multi- subframe scheduling is not supportted in Rel-12 for TDD-FDD CA. If the Pcell is TDD and is scheduling cell for FDD Scell, then the number of scheduled DL subframes of FDD Scell is limited by the number of DL subframes of scheduling TDD Pcell. In this case, the Alt. DL-A,  which sets the DL HARQ timing of the scheduled serving cell follow the PCell’s timing, is the optimal solution. 
For some TDD-FDD CA cases with 3 or more CCs, and Pcell is TDD but is not the scheduling cell of FDD Scell, the solution of Alt. DL-A may suffer from some scheduling restriction. Because in this case, the schedulable DL subframes of the scheduled FDD Scell is limited by the intersection set of DL in both TDD PCell and the scheduling cell. For example, consider the case with a TDD Pcell and two FDD Scells, and one FDD Scell schedules another FDD Scell. If following Pcell’s timing as Alt. DL-A, although the downlink subframes of scheduled FDD Scell can potentially be scheduled by the scheduling FDD Scell, the actually schedulable subframes of the scheduled FDD Scell is limited by the number of downlink subframes of TDD PCell. 
2) Alt. DL-B:

Comparing with Alt. DL-A, the Alt. DL-B, which reuses the HARQ timing for self-carrier scheduling on FDD SCell when the TDD is PCell, suffers from less sheduling restriction for the abovely stated cases with 3 or more CCs. Specifically, if the option 1) is adopted for self-carrier scheduling, the downlink subframes of scheduled FDD Scell that corresponding to the downlink subframes of the scheduling cell can be scheduled. If the option 2c) is set as the solution for self-carrier scheduling, the downlink subframes that corresponding to the intersection of downlink subframes of both reference configuration and the scheduling cell can be scheduled on the FDD scheduled cell. 
Although Alt. DL-B provide some performance gain under the above stated special cases, it is worth to note that the similar problem of Alt. DL-A is also met in the discussion of TDD inter-band CA of Rel-11. In Rel-11, not all cases are optimized, e.g., this 3CC CA case, but follow PCell timing. Considering the limited time budget in Rel-12, we suggest to still follow the same design principle in Rel-11 inter-band TDD CA, i.e., follow PCell timing as in Alt. DL-A.
Proposal 2: From the current scenario and design, the Alt. DL-A is our preffered solution for downlink cross-carrier scheduling.
4. Discussion on UL cross-carrier scheduling
In the following, we will analyze the alternatives for scheduling and HARQ timing of scheduled serving cell in uplink cross-carrier scheduling. The discussion are divided into two cases that are in accordance with the discussion in the last RAN1 #75 meeting: 1) the scheduling serving cell is FDD and the scheduled serving cell is TDD,  2) the scheduling serving cell is TDD and the scheduled serving cell is FDD.
4.1. FDD scheduling cell + TDD scheduled cell
1) Alt. UL-A1:

The Alt. UL-A1 let the TDD scheduled serving cell follow its own scheduling and HARQ timing. This principle is accordance with the design of inter-band TDD CA in Rel-11, which requires minimum specification change. One problem of Alt. UL-A1 lies on that it does not take advantage of the FDD Pcell to reduce the RTT for TDD Scell. Besides, the PHICH collision problem of configuration 0 that exists in inter-band TDD CA of Rel-11 is inherited when configuration 0 is set for TDD. However, since the retransmission of PUSCH is indicated by both PHICH and NDI, the impact of PHICH collision is quite limited.
2) Alt. UL-B1:

The Alt. UL-B1 sets 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and PHICH, which can unify the RTT of all TDD configurations to be 10ms by designing new timing. Nonetheless, considering that the UL RTT of configuration 1/2/3/4/5 are all 10ms, this solution optimizes the RTT only for configuration 0 and 6. For the limited optimization cases, additional efforts and complexity are required for introducing new scheduling and HARQ timing.  
By balancing the additional complexity of introducing new scheduling and HARQ timing and the limited performance gain only for configuration 0 and 6 of TDD Scell, the Alt. UL-A1 is suggested when the scheduling serving cell is FDD and the scheduled serving cell is TDD.
Proposal 3: The Alt. UL-A1 is our preference for cross-carrier scheduling when the scheduling serving cell is FDD and the scheduled serving cell is TDD.
4.2. TDD scheduling cell + FDD scheduled cell
When the scheduling serving cell is TDD and the scheduled serving cell is FDD, the following three alternatives are down selected during the discussion in the last RAN1 meeting [1].
1) Alt. UL-A2:

The Alt UL-A2 is to set a UL-reference UL/DL configuration with no new timing for FDD Scell. The difference among Alt UL-A2-1, Alt UL-A2-2 and Alt UL-A2-3 lie on the selection of UL-reference UL/DL configuration. The reference configuration of Alt UL-A2-1 and Alt UL-A2-2 are fixed, which are the TDD scheduling serving cell’s UL/DL configuration and configuration 0, respectively. While the Alt UL-A2-3 allows configurable reference UL/DL configuration amongst a set of candidates. As a result, with the Alt UL-A2-1 and the Alt UL-A2-2, the schedulable UL subframes on the scheduled FDD SCell is limited by the number of DL subframes on the TDD scheduling cell, and by 6, respectively. The Alt UL-A2-3 is more flexible than Alt UL-A2-1 and Alt UL-A2-2, by setting the UL-reference UL/DL configuration to be configurable.
The benefit of the three alternatives of Alt UL-A2 is that, the scheduling and HARQ timing designed for inter-band TDD CA in Rel-11 can be applied straightforwardly by considering FDD Scell as a virtual TDD Scell. The problem of such alternative lies on that the schedulable UL subframes of FDD Scell is limited by the number of UL subframes of the UL-reference TDD configuration.
2) Alt. UL-B2:

The Alt. UL-B2 sets 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and PHICH, which is similar as that of Alt. UL-B1. Since the number of UL subframes that can be scheduled on the FDD SCell is limited by the number of DL subframes on the TDD scheduling serving cell, this solution does not provide benefit over the Alt UL-A2-1 on the number of schedulable UL subframes. The advantage of Alt. UL-B2 mainly lies on the reduction of UL RTT when the TDD scheduling cell is configuration 0 or 6, which is analogous to the analysis of Alt. UL-B1. However, to earn such limited RTT reduction gain for the two TDD configurations, additional effort and complexity of introducing new scheduling and HARQ timing are required.
3) Alt. UL-C2:

The Alt. UL-C2 allows the timing of scheduled FDD Scell follow a reference configuration, which can be one of 7 TDD UL-DL configuration or FDD timing. If one of 7 TDD UL-DL configurations is used as a reference configuration, the number of UL subframes that can be scheduled on the FDD SCell is limited by the number of DL subframes on the TDD scheduling serving cell, and this solution does not provide benefit over the Alt UL-A2-1 on the number of schedulable UL subframes. If FDD timing is used as a reference configuration, most of the UL subframes of FDD Scell cannot find corresponding DL subframes on TDD scheduling cell for UL grant and PHICH transmission. Thus the UL performance is limited.
By balancing the additional complexity and limited performance gain of introducing new scheduling and HARQ timing, the Alt. UL-A2 is suggested when the scheduling serving cell is TDD and the scheduled serving cell is FDD.
Proposal 4: The Alt. UL-A2 is our preference for cross-carrier scheduling when the scheduling serving cell is TDD and the scheduled serving cell is FDD.
5. Conclusion
In this contribution, we analyzed the benefits and diadvantages of the possible solutions for both downlink and uplink cross-carrier scheduling of TDD-FDD CA. We propose that:
Proposal 1: Cross-carrier scheduling should be supported in Rel-12 for TDD-FDD CA with minimum specification impact.
Proposal 2: From the current scenario and design, the Alt. DL-A is our preffered solution for downlink cross-carrier scheduling.
Proposal 3: The Alt. UL-A1 is our preference for cross-carrier scheduling when the scheduling serving cell is FDD and the scheduled serving cell is TDD.
Proposal 4: The Alt. UL-A2 is our preference for cross-carrier scheduling when the scheduling serving cell is TDD and the scheduled serving cell is FDD.
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