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Introduction
In RAN#60, LTE TDD-FDD joint operation was approved as Rel-12 WI [1]. TDD-FDD Carrier aggregation with either TDD or FDD as PCell will be introduced as one solution of TDD-FDD joint operation in Rel.12. 
In this contribution, we discuss the physical layer aspects to support TDD-FDD joint operation based on carrier aggregation of TDD-FDD carriers.
Physical layer aspects of TDD-FDD CA
The physical layer aspects to support TDD-FDD CA is similar to the inter band CA with different TDD configurations in Rel.11. The main aspects to be considered would be downlink and uplink HARQ management. Similar to the inter band CA with different TDD configurations, the PDSCH and PUSCH HARQ timing of Pcell will be kept as in Rel.8-11, the downlink and uplink HARQ timing for Scell should be studied considering different configurations of CCs and different scheduling types including self scheduling and cross carrier scheduling. Just following the working assumption of inter band CA with different TDD configurations in Rel.11, no new HARQ timing will be introduced beyond those already defined in Rel.8-11.
Cross carrier scheduling is designed for the PDCCH inter-cell interference coordination in Rel.10, especially in the HetNet scenarios. For TDD-FDD carrier aggregation scenarios, the cross carrier scheduling should also be supported.
In the remaining part of this contribution, we will discuss the downlink and uplink HARQ timing to support TDD-FDD carrier aggregation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal: No new HARQ timing will be introduced beyond those already defined in Rel.8-11.
Proposal: The HARQ timing of Pcell will be kept as in Rel.8-11, the HARQ timing of Scell should be studied considering different configurations of CCs and different scheduling types. 
Proposal: Cross carrier scheduling should be supported for the purpose of PDCCH ICIC.
Downlink HARQ timing for TDD-FDD CA
In current specs, the PUCCH carrying HARQ ACK can only be transmitted on the Pcell. For TDD-FDD carrier aggregation, the PDSCH HARQ timing needs to be studied to utilize the resources sufficiently. The Pcell should follow its own HARQ timing because there is always an uplink subframe which can be used to transmit the HARQ ACK of Pcell. The PDSCH HARQ timing of Scell needs to be defined for different configurations of Pcell and different scheduling cases.
1.1. FDD as Pcell, TDD as Scell
In this case, the Scell(TDD-CC) can follow either its own HARQ timing or the HARQ timing of Pcell for both self scheduling and cross carrier scheduling, because there is always an available uplink subframe to transmit the HARQ ACK on Pcell. Comparing the two kinds of HARQ timing for Scell, Scell referring to its own PDSCH HARQ timing may not be preferable because of the longer HARQ feedback delay and concentrated HARQ ACK bits transmitted on Pcell. Scell referring to the PDSCH HARQ timing of Pcell(FDD-CC) can also use all the downlink subframes because there are always uplink subframes available in Pcell to transmit the HARQ ACK.
Proposal: If Pcell is configured as FDD and Scell is configured as TDD, the Scell follows the PDSCH HARQ timing of Pcell for both self scheduling and cross carrier scheduling.
1.2. TDD as Pcell, FDD as Scell
In this case, since the PUCCH carrying HARQ ACK can only be transmitted on the Pcell, the HARQ ACK of Scell(FDD-CC) cannot be transmitted in some uplink subframes because the corresponding subframes of Pcell are downlink subframes
When the Scell(FDD-CC) is scheduled by the Pcell(TDD-CC), only some downlink subframes of Scell can be scheduled. To ensure that there always have uplink subframes to transmit the HARQ ACK, the Scell can follow the PDSCH HARQ timing of Pcell.
[bookmark: _GoBack]If the Scell is self scheduled, PDSCH HARQ timing of Scell should be designed. One solution is that the Scell(FDD-CC) can follow the PDSCH HARQ timing of Pcell(TDD-CC). This solution has little impact on the existing specifications. However, since some downlink subframes of Scell have no corresponding uplink subframes to feed back the HARQ ACK, the peak rate will be decreased. Another solution is that the Scell(FDD-CC) can refer to the PDSCH HARQ timing of one TDD UL-DL configuration which has more available downlink subframes having corresponding uplink subframes to feed back HARQ ACK than the TDD UL-DL configuration of Pcell. As shown in Table 1, if the Pcell is configured as TDD with DL-UL configuration #1, there are 6 downlink subframes available if the Scell refers to the PDSCH HARQ timing of Pcell and there are 8 or 9 downlink subframes available if the Scell refers to the PDSCH HARQ timing of DL-UL configuration #4 or #5.
				Table 1. The summary of PDSCH HARQ timing for self scheduling
	TDD configuration of Pcell
	#0
	#1
	#2
	#3
	#4
	#5
	#6

	TDD configuration which Scell refers to
	#3,#4,#5
	#4,#5
	#5
	#4,#5
	#5
	#5
	#3,#4,#5

	Available downlink subframes for solution 2
	7,8,9
	8,9
	9
	8,9
	9
	9
	7,8,9

	Available downlink subframes for solution 1
	4
	6
	8
	7
	8
	9
	5


Proposal: If Pcell is configured as TDD and Scell is configured as FDD, the Scell follows the PDSCH HARQ timing of Pcell for cross carrier scheduling.
Proposal: If Pcell is configured as TDD and Sell is configured as FDD, the Scell follows the PDSCH HARQ timing of one TDD UL-DL configuration which has more available downlink subframes for self scheduling.
Uplink HARQ timing for TDD-FDD CA
In current LTE carrier aggregation specs, the PHICH which carries uplink HARQ ACK can only be transmitted on the component carrier which carries the uplink grant. The uplink HARQ/scheduling timing of scheduling carrier can follow its own uplink HARQ/scheduling timing regardless the configurations of CCs and scheduling types, the uplink HARQ/scheduling timing of scheduled carrier should be studied considering the different configurations of CCs and scheduling types.
1.3. Self scheduling
When the Scell is self scheduled, the uplink grant and PHICH will be transmitted on its own resource. So the each CC can just refer to its own uplink HARQ/scheduling timing.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal: When self scheduling is used, the Scell can refer to its own uplink HARQ/scheduling timing regardless the configurations of CCs.
1.4. Cross carrier scheduling
When the Scell is scheduled by the other component carrier, the HARQ/scheduling timing should be studied considering different configurations of CCs.
If a FDD-CC schedules a TDD-CC, the scheduled cell can refer to its own HARQ/scheduling timing since the scheduling cell(FDD-CC) always has downlink subframes in any specific time duration. The downlink subframes of the scheduling cell can be used by the scheduled cell for HARQ ACK feedback corresponding to PUSCH transmission scheduled through the scheduling cell.
If a TDD-CC schedules a FDD-CC, the uplink grant is transmitted through the component carrier of scheduling cell(TDD-CC), the PHICH carrying HARQ ACK corresponding to the scheduled PUSCH transmission should also be transmitted by the scheduling cell(TDD-CC).However, due to the DL-UL configurations, the uplink subframes of scheduling cell(TDD-CC) cannot be used for HARQ ACK transmission. The uplink HARQ/scheduling timing of scheduled cell(FDD-CC) should be designed. The scheduled cell(FDD-CC) can refer to the HARQ/scheduling timing of scheduling cell(TDD-CC), this design has little impact on the existing specifications. However, since some uplink subframes of the scheduled cell are unavailable due to the TDD DL-UL configuration of scheduling cell. Further studies about the additional HARQ timing for those FDD cell UL directions may be needed.
Proposal: When a FDD-CC schedules a TDD-CC, the scheduled cell can refer to its own HARQ/scheduling timing.
Proposal: When a TDD-CC schedules a FDD-CC, the scheduled cell can refer to the HARQ/scheduling timing of the scheduling cell considering the little impact on the specifications. Further studies about the HARQ/scheduling timing may be  needed to utilize the uplink subframes sufficiently. 

Conclusion
This contribution discussed the downlink and uplink HARQ timing to support TDD-FDD joint operation based on CA. In our view, it is necessary to design the downlink and uplink HARQ timing to utilize the downlink and uplink resource efficiently. The proposals are summarized as follows.
Proposal 1: No new HARQ timing will be introduced beyond those already defined in Rel.8-11.
Proposal 2: The HARQ timing of Pcell will be kept as in Rel.8-11, the HARQ timing of Scell should be studied considering different configurations of CCs and different scheduling types. 
Proposal 3: 
Cross carrier scheduling should be supported for the purpose of PDCCH ICIC.
Proposal 4: If Pcell is configured as FDD and Scell is configured as TDD, the Scell follows the PDSCH HARQ timing of Pcell for both self scheduling and cross carrier scheduling.
Proposal 5: If Pcell is configured as TDD and Scell is configured as FDD, the Scell follows the PDSCH HARQ timing of Pcell for cross carrier scheduling.
Proposal 6: If Pcell is configured as TDD and Scell is configured as FDD, the Scell follows the PDSCH HARQ timing of one TDD UL-DL configuration which has more available downlink subframes for self scheduling.
Proposal 7: When self scheduling is used, the Scell can refer to its own uplink HARQ/scheduling timing regardless of the configurations of CCs.
Proposal 8: When a FDD-CC schedules a TDD-CC, the scheduled cell can refer to its own HARQ/scheduling timing.
Proposal 9: When a TDD-CC schedules a FDD-CC, the scheduled cell can refer to the HARQ/scheduling timing of the scheduling cell considering the little impact on the specifications. Further studies about the HARQ/scheduling timing may be needed to utilize the uplink subframes sufficiently. 
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