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1. Introduction & Background
During the past  3GPP TSG RAN WG1 #74b meeting, the following agreements for TDD-FDD joint operation are reached [1]:
· Ideal backhaul is assumed for TDD-FDD CA
· TDD and FDD cells are synchronized
· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA
· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL
· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded
One issue that was discussed but no consensus was concluded is how to carry PUCCH in case TDD and FDD CA is configured. In this contribution, possible PUCCH transmission schemes to support TDD-FDD CA are discussed. 
2. Discussion on PUCCH transmission for TDD-FDD CA
To support TDD-FDD CA, the PUCCH can be transmitted in four possible ways, which are PUCCH on Pcell only, PUCCH on Scell only, PUCCH on both Pcell and Scell simutaneously, and PUCCH switching between Pcell and Scell. In the following, the benefits and drawbacks of the four schemes will be analyzed.
1) PUCCH on Pcell only
In Rel-10 and Rel-11, the PUCCH for TDD-TDD or FDD-FDD CA is only transmitted on the Pcell. Similarly, for TDD-FDD CA, the PUCCH can also be transmitted only on Pcell.
 One benefit of such solution is that most of the CA specifications designed in Rel-10 and Rel-11 can be resued. Specifically, 
· if Pcell is FDD, the HARQ timing of TDD Scell can follow the same configurations of TDD-TDD CA as in Rel-11, since all the downlink subframes of TDD can be associated with uplink subframes in FDD. 
· If Pcell is TDD, the HARQ timing for the Scell FDD needs a new design. One possible solution is to use the HARQ timing of a TDD configuration as a reference, e.g., the Configuration 5 of TDD. In this way, the FDD Scell can be considered as a TDD Scell, and the HARQ timing of TDD-TDD CA in Rel-11 can be reused. For those subframes of FDD Scell that can not find reference HARQ timing, some tranditional solution can be adopted, such as HARQ-ACK bundling. Another way is to simply blank these sub-frames, which can avoid the new HARQ timing for FDD Scell.
Another benefit of this scheme is that it does not require the UE to be equipped with multiple TX modules, e.g., the minimum UE capability requirement is 2Rx and 1Tx [5].
One possible problem of PUCCH on Pcell only for TDD-FDD CA, as pointed in [4], may be the Pcell uplink overloading problem in scenario with Macro BS as Pcell and many small cells as Scell. However, in practical systems, it is not neccesary to let the Macro BS to be the Pcell of all the small cells. If the Pcell of different UEs can be well designed, the overloading problem can be avoided. Another possibility would also be to configured the UEs not in a CA mode, which helps to reduce the PUCCH overhead on PCell(macro cell).
2) PUCCH on Scell only
When the uplink coverage of Scell is better than Pcell, or the UL resources of Scell is more than that of Pcell, the transmission of PUCCH can be transmitted only on Scell to support TDD-FDD joint operation.  For UEs that are not capable of transmitting on muptiple transmission modes simutaneously and time division switching between different modes is not allowed, the PUCCH on Scell only scheme implies all the uplink transmission of the UE, i.e., PRACH, PUSCH, etc, shall be transmitted in UL resouces of Scell. 
Howerver, the specification of CA requires that the PCell is the cell that is initially configured during connection establishment, which means the PRACH should be transmitted on Pcell. Consequently, it is not possible for UEs that not supporting multiple uplink transmission simutaneously to transmit PUCCH only on Scell. In order to employ such scheme, the UL switching between different modes are required. As will be addressed in the fourth scheme, such switching between different modes may require the scheduling, the switching pattern and HARQ timing to be carefully designed.
Also, since the SCell is not always “activated”, allowing PUCCH on Scell only may not gurantee the PUCCH transmission during activation/deactivation period.

3) PUCCH on both Pcell and Scell simutaneously 
In this case, the PUCCH can be transmitted on both Pcell and Scell simutaneously. The benefit of such solution is that the scheduling and HARQ timing for both Pcell and Scell can be performed independently. one potential benefit as stated in [5] is that the overloading problem caused by mutiple PUCCH only on Pcell can be avoided. However, it requires the UEs to be capable of transmitting on muptiple transmission modes simutaneously. The transmit power of each transimssion mode needs to be well designed to meet the maximum transmit power of the UE while ensuring the UL coverage. 
4) PUCCH switching between Pcell and Scell

To enable PUCCH transmission on both Pcell and Scell for UEs that can not transmit on multiple transmission modes simuteneously, one possibility is to allow PUCCH transmitted on PCell and SCell in a time division manner.

This approach enables those UEs which does not support UL simultaneous transmission to keep multiple UL connections, which helps to avoid the PUCCH congestion that may occured. 
Nonetheless, problems of this approach include the switching overhead, complicated scheduling design and HARQ-timing design. Specifically, if the UE performs switching during uplink transmission, the hardware switching from one mode to another mode requires some transition time. This also makes the scheduler more complicated by involving the UL PUCCH switching to avoid simultaneous multiple transmission of UE. New HARQ timing and PUCCH transmission may needs to be design. Specifically,  for FDD serving cell, since UL subframes are not always available in each TTI, there will be no corresponding uplink subframe for some DL subframes, thus the HARQ timing for the FDD serving cell needs a new design. For TDD serving cell, the available UL subframes depends not only on the UL/DL configuration, but also on the switching pattern, hence the HARQ timing of TDD serving cell also needs to be designed. If the switching happens frequently, the corresponding HARQ timing and PUCCH transmission are required to change correspondingly, which makes the design quite complicated. Clearly, great specification efforts are required to efficiently solve the above mentioned problems.
The aforementioned pros and cons for each approach are summarized in Table I. After considering all these, we prefere to keep the same mechanism for PUCCH transmission for Rel-12 TDD +FDD CA, i.e., PUCCH transmission on PCell only
Proposal: if a UE is configured as TDD-FDD CA, the PUCCH transmission is always on PCell.

Table I: Summary of Pros and Cons of four PUCCH transmission schemes
	
	Pros
	Cons

	PUCCH on Pcell only
	· Minimum UE capability requirement:2Rx+1Tx;

· Reuse most of the Rel-10/11 CA specifications;
	· PUCCH may be overloaded in scenario with Macro BS as Pcell and many small cells as Scell; 

	PUCCH on Scell only
	· Minimum UE capability requirement:2Rx+1Tx;


	· UL TDM switching is required for 2Rx+1Tx UE to support PRACH on Pcell and PUCCH on Scell; 
· If switching is allowed, switching between different modes requires new  and complicated design on scheduling, switching pattern and HARQ timing.

	PUCCH on both Pcell and Scell simutaneously
	· PUCCH overloading problem may be solved;
· Independently scheduling and HARQ timing for both Pcell and Scell;
	· Minimum UE capability requirement:2Rx+2Tx;

· Power allocation between Pcell and Scell, and maximum power reduction;

· UL coverage problem;

	PUCCH switching between Pcell and Scell
	· Minimum UE capability requirement:2Rx+1Tx;
· PUCCH overloading problem can be solved;
	· Switching overhead;
· Complicated switching pattern design;

· Complicated scheduling design;

· Complicated HARQ-timing design;


3. Conclusion
In this contribution, we discussed the PUCCH transmission for TDD-FDD CA. We compared the pros and cons of four possible solutions for PUCCH transmission, which are PUCCH on Pcell only, PUCCH on Scell only, PUCCH on both Pcell and Scell simutaneously, and PUCCH switching between Pcell and Scell. Considering that the transmission of PUCCH only on Pcell can reuse most of the Rel-10/11 CA specifications and does not require UEs to be capable of  multiple UL simultaneous transmission, it is recommended as the promising solution for PUCCH transmission in TDD-FDD CA.

Proposal: if a UE is configured as TDD-FDD CA, the PUCCH transmission is always on PCell.
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