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1 Introduction
In RAN #61, an updated work item on LTE FDD-TDD joint operation was approved [1]. In RAN1 #74bis, the following were agreed for TDD-FDD CA  [2]:

· 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
In this contribution we discuss several schemes for PUCCH transmission on SCell for FDD-TDD CA.
2 Discussion
Generally, there are three alternatives to support PUCCH transmission on SCell for FDD-TDD CA:

· Alt 1: Higher layer configured PUCCH transmission on SCell. That is, only one PUCCH carrying the UCI of both FDD serving cell(s) and TDD serving cell(s) can be transmitted in one subframe, and PUCCH can be configured by higher layer to be transmitted on PCell or a SCell.
· Alt 2: TDM switching of PUCCH transmission on PCell and SCell. That is, only one PUCCH carrying the UCI of both FDD serving cell(s) and TDD serving cell(s) can be transmitted in one subframe, and PUCCH can be transmitted on PCell or a SCell following a predefined TDM switching pattern.
· Alt 3: Parallel PUCCH transmission on PCell and SCell. That is, one PUCCH carrying the UCI of FDD serving cell(s) can be transmitted on one FDD serving cell, and one PUCCH carrying the UCI of TDD serving cell(s) can be transmitted on one TDD serving cell respectively.
In the following, we discuss the necessity of the above alternatives in the context of FDD-TDD CA, also considering the agreements reached in RAN1-74bis.

For Alt 1, the potential benefits may include the following:

· Reducing the PUCCH overhead on the PCell [3]
· Reduced UE Tx power consumption in non co-located FDD-TDD CA scenario, where UE’s pathloss to the network node of the SCell is smaller than that of the PCell.

· Avoid new HARQ timing design by transmitting PUCCH on a FDD SCell when PCell is TDD [4]
The first and second potential benefits of Alt1 are for non co-located HetNet FDD-TDD CA scenarios, where macro cell is used as the PCell for many UEs and small cells are used as SCells. Allowing PUCCH transmission on SCell can balance the PUCCH overhead between the macro cell and the small cell. In addition, if UE’s pathloss to the network node of the SCell is smaller than that of the PCell, transmitting PUCCH on the SCell can further reduce the UE Tx power. One issue of Alt 1 in this relevant FDD-TDD CA scenario is that when the SCell of a UE changes (e.g. due to UE movement), then PUCCH transmission interruption can occur. In Rel-10 CA design, significant efforts were made to ensure that data transmission and HARQ-ACK feedback is still possible during SCell reconfiguration, which is difficult to achieve with Alt 1. In addition, even in this relevant FDD-TDD CA scenario, it is still possible to use the small cell as the PCell for UEs with low mobility, which could also serve the purpose of balancing the PUCCH overhead between the macro cell and the small cell and reducing the UE Tx power consumption.
The third potential benefit of Alt 1 may lead to the consequence that only FDD serving cell can carry PUCCH. For FDD-TDD CA with TDD on a lower frequency band, it is beneficial to use the TDD carrier to carry PUCCH, which provide better PUCCH performance. 

In summary, we have the following observation on Alt 1:
Observation 1: While there are some benefits of Alt 1 (i.e. higher layer configured PUCCH transmission on SCell), there is also some issue with it. The benefits of Alt 1 can be achieved with PUCCH on PCell only.
Alt 2 requires significant work since the TDM pattern for PUCCH transmission on PCell and SCell needs to be studied and agreed. In addition, for UEs not support UL CA (i.e. a single Tx RF chain), RF switching is required by Alt 2, which reduces the performance since switching gap needs to be provisioned. In addition, for the FDD-TDD CA scenario with ideal backhaul assumed, there is no benefit observed for Alt 2 compared to Alt 1 and the existing PCell only design. If it is desirable to keep PUCCH on a serving cell for a UE, it is preferable that PUCCH in all subframes is transmitted on that serving cell for the UE. Therefore, we have the following observation on Alt 2:

Observation 2: Alt 2 (i.e. TDM switching of PUCCH transmission on PCell and SCell) is not beneficial in the context of FDD-TDD CA work.
One of the main benefits of Alt 3 is that new HARQ timing is not necessary for FDD-TDD CA. On the other hand, given the agreement that “a TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA” in RAN1-74bis, it is not possible to use Alt 3 as the only solution for FDD-TDD CA since Alt 3 requires that the UE support UL CA. Hence, we have the following observation: 

Observation 3: Alt 3 (i.e. parallel PUCCH transmission on PCell and SCell), if supported in Rel-12, cannot be the only solution of PUCCH transmission for FDD-TDD CA in Rel-12.

Given the above observations, we have the following two proposals:

Proposal 1: For the FDD-TDD CA work in Rel-12, follow the Rel-10/11 CA design that PUCCH is only transmitted on PCell.
Proposal 2: If parallel PUCCH transmission on PCell and SCell is supported in Rel-12, consider whether this can be supported in case of FDD-TDD CA and for UEs capable of UL CA.
3 Conclusions
In this contribution, we discuss the schemes of PUCCH transmission on SCell for FDD-TDD CA. We have the following observations and proposals:

Observation 1: While there are some benefits of Alt 1 (i.e. higher layer configured PUCCH transmission on SCell), there is also some issue with it. The benefits of Alt 1 can be achieved with PUCCH on PCell only.
Observation 2: Alt 2 (i.e. TDM switching of PUCCH transmission on PCell and SCell) is not beneficial in the context of FDD-TDD CA work.
Observation 3: Alt 3 (i.e. parallel PUCCH transmission on PCell and SCell), if supported in Rel-12, cannot be the only solution of PUCCH transmission for FDD-TDD CA in Rel-12.
Proposal 1: For the FDD-TDD CA work in Rel-12, follow the Rel-10/11 CA design that PUCCH is only transmitted on PCell.
Proposal 2: If parallel PUCCH transmission on PCell and SCell is supported in Rel-12, consider whether this can be supported in case of FDD-TDD CA and for UEs capable of UL CA.
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