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1 Introduction

In RAN #61, a new WI on “LTE TDD-FDD joint operation including Carrier Aggregation” was agreed [1]. The objective is to enhance TDD–FDD joint operation with TDD-FDD CA and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenarios evaluation phase of the work item. The objectives include:
“Introduce LTE TDD–FDD Carrier Aggregation support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work”.

This contribution discusses the HARQ-operation for TDD-FDD CA with a TDD Pcell, including PDSCH HARQ operation, PUSCH HARQ/scheduling operation, and DCI format design.

2 Discussion
2.1 Downlink HARQ
For a TDD Pcell, the HARQ timing for PDSCH transmissions in a FDD Scell will need to change if HARQ-ACK transmissions are on the PCell. This is illustrated in Figure 1 where the HARQ-ACK for a PDSCH transmission in the FDD Scell in SF#0 cannot be transmitted in SF#4 as it is a DL subframe in the TDD Pcell.
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Figure 1
A first alternative considers that the PUCCH for UCI for the FDD SCell is transmitted in TDD PCell. Then, in order to resolve the HARQ-ACK timing issue, a new HARQ timing relationship needs to be defined for the Scell with FDD configuration. The Rel-10 principle of transmitting all PUCCH in the Pcell is maintained but HARQ latency increases, HARQ-ACK payload increases, and more DL HARQ processes need to be introduced for the FDD Scell (DL HARQ process field in DCI format needs to increase). 
A second alternative is for a FDD Scell to convey PUCCH for all FDD Scells. This maintains the specifics of TDD and FDD operations in respective cells but requires that UEs have UL CA capability and support simultaneous PUCCH transmissions in a TDD cell and a FDD cell. 
A third alternative is to transmit PUCCH in the FDD Scell instead of the TDD Pcell. This allows for all benefits of FDD relative to TDD regarding HARQ operation (smaller latency, less HARQ-ACK overhead, better distribution of PUCCH overhead, and reduced DCI format sizes). Alternatively, the TDD Pcell or the FDD Scell can be used for PUCCH transmission, and in particular for HARQ-ACK transmission, depending on whether or not a respective subframe in an UL one in the TDD Pcell. This implies that a UE may switch its UL carrier for PUCCH transmission on a subframe basis, as illustrated in Figure 2.
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Figure 2
 Observation 1: 

· Several alternatives, offering respective tradeoffs, exist for the cell of PUCCH transmission in case of TDD-FDD CA in a TDD Pcell.
2.2 PUSCH HARQ operation 
For PUSCH HARQ, in case of self-scheduling, Rel-11 CA functionality is maintained.

For cross-carrier scheduling, if Rel-10 operation is maintained, the PUSCH HARQ timing for the FDD SCell follows the TDD UL-DL configuration. Then, as shown in Figure 3, in many subframes (as in case of TDD UL-DL configuration 5 on the Pcell) PUSCH transmissions in the FDD Scell cannot be scheduled. Alternatively, UL grant/PHICH can be transmitted on the FDD Scell. This avoids the issue of having non-schedulable UL subframes but may not be consistent with the motivation for cross-carrier scheduling (e.g. for ICIC, or to avoid inefficient DL control signaling transmissions in small bandwidths, etc.) 
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Figure 3
Observation 2: 
· For cross-carrier scheduling, further discussion is required for the PUSCH HARQ timing for a FDD Scell to reduce the number of non-schedulable UL subframes.  
2.3 DCI format
As shown in Figure 4, if the PDSCH follows TDD HARQ timing and the DL DCI has the TDD size, and if PUSCH self-scheduling follows FDD HARQ/scheduling timing, there are two options for the DCI format 0 size; either the FDD one to save the overhead or the TDD one to align with the DCI format 1A size. It is noted that if UL HARQ-ACK transmission is in the FDD Scell, the above issue does not exist.
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Figure 4
Observation 3: 
· The size of DCI format 0 for a FDD Scell needs to be further considered if HARQ-ACK transmissions for a FDD Scell are in the TDD Pcell.
3 Conclusions
This contribution considered specification aspects for TDD-FDD CA with a TDD Pcell.. In particular, the following observations are made 
Observation 1: 

· Several alternatives, offering respective tradeoffs, exist for the cell of PUCCH transmission in case of TDD-FDD CA in a TDD Pcell.

Observation 2: 
· For cross-carrier scheduling, further discussion is required for the PUSCH HARQ timing for a FDD Scell to reduce the number of non-schedulable UL subframes. 

Observation 3: 
· The size of DCI format 0 for a FDD Scell needs to be further considered if HARQ-ACK transmissions for a FDD Scell are in the TDD Pcell.
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