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1. Introduction & Background
During the last  3GPP TSG RAN WG1 #75 meeting, the following agreements for TDD-FDD joint operation are reached [1]:

· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell

· FFS: TDM switching between Pcell and Scell PUCCH
· For the case of PUCCH transmission on PCell only:
· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing

When PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on Scell with self-scheduling, two possible solutions for HARQ timing are discussed, which are:
· Option 1): FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

· Option 2-c): The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations.
2-c) The DL reference TDD U/D configuration is configured by higher layers
In this contribution, we compare the pros and cons of Options 1) and 2-c) for HARQ timing of PDSCH transmission on SCell when PCell is TDD carrier and SCell is FDD carrier. 
2. Discussion on two options for PDSCH HARQ timing 
2.1. Benefits and drawbacks of Option 1) 
The benefit of Option 1), which is to allow the FDD SCell PDSCH timing depend on TDD PCell timing + additional new timing, is that all the DL subframes of FDD Scell can be used by a CA-capable UE when TDD is PCell in order to increase the per-UE peak data rate about 5.6%
.  
Meanwhile, from the system-level throughput perspective, the gain of Option 1) over  Option 2-c) is netglectable. Since all the downlink subframes on FDD SCell can be shceduled for either option 1) or option 2-c).
To earn such limited gain, UCI, DCI and buffer of UEs should be enhanced for introducing additional new timings for Option 1) as discussed below in details.
1) Required UCI enhancements:

Firstly, the additional new HARQ timing should be carefully designed to reduce increased UL feedback load while keeping the feedback evenly distributed in the uplink frames. Secondly, when Pcell is TDD config. 2/4, the HARQ-ACK bits of five FDD Scell DL subframes need to be transmitted in one TDD Pcell UL subframe. Then the maximum number of supported aggregated CCs is 4, which is not consist with the agreement of RAN1 #74b  that allows the maximum supported number of aggregated CCs is 5. Besides, since the PUCCH Format 1b with channel selection designed for R-11 CA only supports the cases with value of M no more than 4, the current PUCCH Format 1b with channel selection can not be applied for case when Pcell is TDD config. 2/4. The enhancement of PUCCH Format 1b with channel selection to support cases with M>4 is required.
2) Required DCI and UE buffers enhancements:
When TDD config. 5 is used for Pcell, the maximum number of DL HARQ processes for FDD SCell PDSCH with additional new timing increases to 17. Since maximum of 15 DL HARQ processes is supported in current spec., the field of HARQ process number in DL grant should be extended to support new maximum number of DL HARQ processes. Accordingly, the buffer of UE needs to be increased to support the increased number of HARQ process. 
2.2. Benefits and drawbacks of Option 2-c) 
Comapred with Option 1), Option 2-c) lets the PDSCH HARQ timing of FDD SCell follow one of the existing 7 U/D configurations as the DL reference configuration. The advantage of Option 2-c) lies on that it has little additional impact on the specification, and the design for TDD inter-band CA in Rel-11 can be applied straightforwardly.
The drawback of such solution is that some downlink subframes of FDD SCell, which corresponds to the uplink subframes of the reference configuration, cannot be used for CA-capable UE which is configured a FDD CC as Scell. Thus the per-UE peak data rate of such CA-capable UE is affected. However, since the CA configuration is UE-specific, although those downlink subframes can not be allocated for the CA-capable UE with FDD as SCell, they can be assigned to other Non-CA-capable UEs or CA-capable UEs that configured the FDD cell as Pcell. Consequently, Option 2-c) has quite limited system-level throughput loss compared with  Option 1). 
Proposal 1: Option 2-c) is suggested as the solution for SCell PDSCH HARQ timing when PCell is TDD carrier and SCell is FDD carrier.
Table 1. Summary of Pros and Cons of Option 1) and Option 2-c)
	
	Pros
	Cons

	Option 1)
	· All the DL subframes of FDD Scell can be used by a CA-capable UE.
	· Peak data rate gain is limited, system-level throughput gain is neglectable.
· New HARQ timing design is required.
· When Pcell is TDD config. 2/4:

· maximum number of supported aggregated CCs is 4;

· current PUCCH Format 1b with channel selection can not be used;
· The field of HARQ process number in DL grant should be extended;

· Buffer of UE needs to be increased to support increased number of HARQ process.

	Option 2-c)
	· Little additional impact on the spec., can reuse the design for Rel-11 TDD inter-band CA.
	· Some DL subframes of FDD SCell cannot be used for one CA-capable UE with a FDD CC as Scell.


3. Conclusion
In this contribution, we analyzed the pros and cons of Options 1) and 2-c) for HARQ timing of PDSCH transmission on FDD SCell when PCell is TDD. We propose that:
Proposal 1: Option 2-c) is suggested as the solution for SCell PDSCH HARQ timing when PCell is TDD carrier and SCell is FDD carrier.
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�: Assuming TDD PCell configured with TDD configuration 2. For example, when two CCs are configured for a UE and the Pcell is TDD with config. 5 while Scell is FDD, if config. 5 is set as the reference configuration for FDD Scell in Option 2-c), the number of additional DL subframes of Option 1) over Option 2-c) is 1, which only bring roughly 5.6% downlink data rate gain for the UE.
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