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1 Introduction

In RAN#60, a new work item was approved to enable LTE TDD-FDD joint operation from aggregation of TDD and FDD carriers. One focus area for discussion in the work item is to introduce LTE TDD-FDD carrier aggregation in Rel-12 specification [1]:

· 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.
· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers
· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network
· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network
· No new TDD UL-DL configuration is introduced
· Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11. 
This contribution discusses possible specification aspects including DCI format designs and PUCCH transmissions in case that Pcell is FDD and Scell is TDD for TDD-FDD CA.
2 Carrier Aggregation in case of FDD Pcell
In TDD-FDD CA, two combinations of TDD and FDD carriers are possible depending on whether the Pcell is FDD or TDD. In case the Pcell is FDD and a Scell is TDD, the FDD Pcell has DL and UL in every subframe. For PUCCH transmissions on Pcell, the FDD Pcell can always provide UL resources for HARQ-ACK feedback whenever respective PDSCHs are transmitted regardless of the cell type (FDD or TDD). Also, the FDD Pcell can always provide DL resources for PUSCHs scheduling/HARQ-ACK feedback whenever respective PUSCHs are transmitted regardless of the cell type (FDD or TDD). Based the above observations, possible specification aspects including DCI format designs and PUCCH transmissions in case of the FDD Pcell are subsequently discussed.
2.1 Designs of DCI Formats 
For TDD, there are special fields in DCI formats that do not exist in the same DCI formats for FDD. One field is the DAI (Downlink Assignment Index) for TDD UL-DL configurations 1~6 that intends to avoid a different understanding between an eNB and a UE regarding HARQ-ACK generation and payload. The other field is the UL index that intends to enable multi/cross-subframe scheduling for PUSCHs in TDD UL-DL configuration 0. Additionally, due to the longer HARQ-ACK latency in TDD, there are more DL HARQ processes than in FDD and DL DCI formats include more bits for DL HARQ processes in TDD than in FDD (4 bits for TDD and 3 bits for FDD). 
Note that issues on DAI, UL index and HARQ process field are related to DL/UL HARQ timings. Accordingly, DAI, UL index and HARQ process field are discussed depending on DL/UL HARQ timings for self-scheduling and cross-carrier scheduling, respectively.
Self-scheduling for TDD Scell
In last RAN1 meeting, DL/UL HARQ timings for self-scheduling for TDD Scell in case of FDD Pcell were agreed as follows:
· For the case of PUCCH transmission on PCell only:
· 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
According to the agreements, HARQ-ACKs for PDSCHs in every DL subframe n of TDD Scell are transmitted in every UL subframe n+4 of FDD Pcell. It means that respective HARQ-ACK feedback can be transmitted in every UL subframe of the FDD Pcell. Therefore, it is not necessary to include the DAI field in DCI formats scheduling PDSCH in the TDD Scell for TDD UL-DL configurations 1~6. Also, it is no longer necessary to have more DL HARQ processes for the TDD Scell and the size of the DL HARQ process field in DL DCI formats can be same as that of FDD instead of following that of the TDD Scell. On the other hand, for PUSCH HARQ timing in a TDD Scell, Scell PUSCHs follows TDD HARQ timing. It means that a UL index is still necessary in TDD UL-DL configuration 0. 
Proposal 1: For a TDD Scell with self-scheduling in case of the FDD Pcell, 

· DL DCI formats use a DL HARQ process field with same size as DL DCI formats for the FDD Pcell and do not include the DAI field.
· UL DCI formats include the UL index field.

Cross-carrier scheduling for TDD Scell
DL/UL HARQ timings for cross-carrier scheduling for a TDD Scell in case of FDD Pcell are being discussed in email reflector, i.e., [75-09] cross-carrier scheduling for TDD-FDD CA. The most likely candidates for TDD Scell are as follows:
· DL HARQ timing for TDD Scell: FDD Pcell timing
· UL HARQ timing for TDD Scell: 10ms RTT timing, scheduled cell (TDD Scell) timing

In the following, we discuss detail on DAI, UL index and HARQ process field depending on the DL/UL HARQ timing candidates for TDD Scell in case of cross-carrier scheduling.
If FDD Pcell timing is agreed in case of cross-carrier scheduling for TDD Scell, as in self-scheduling for TDD Scell, HARQ-ACK can be transmitted in every UL subframe of the FDD Pcell. Therefore, it is not necessary to include the DAI field in DCI formats for TDD UL-DL configuration 1~6. Also, it is not necessary to have more DL HARQ processes for the TDD Scell. On the other hand, the existence of UL index depends on whether 10ms RTT timing or TDD scheduled cell timing is agreed for PUSCH scheduling/HARQ timing for TDD Scell. If 10ms RTT timing is adopted, UL index is not needed in TDD UL-DL configuration 0 because PUSCH in every UL subframe of TDD Scell can be scheduled by 10ms RTT timing. Otherwise, if TDD scheduled cell timing is adopted, UL index is still needed in TDD UL-DL configuration 0.
Proposal 2: For a TDD Scell with cross-carrier scheduling in case of the FDD Pcell, 

· DL DCI formats use a DL HARQ process field with same size as DL DCI formats for the FDD Pcell and do not include the DAI field.

· UL DCI formats do not include a UL index field if 10ms RTT timing is adopted, otherwise, include the UL index field.

2.2 PUCCH Transmissions
This subsection discusses the PUCCH transmission aspects including HARQ-ACK payload size and PUCCH formats in case of FDD Pcell and TDD Scell for TDD-FDD CA. 
In case of FDD Pcell for TDD-FDD CA, HARQ-ACKs for PDSCHs in every DL subframe n of a TDD Scell can be transmitted in every UL subframe n+4 of the Pcell. In other words, DL HARQ timing for a TDD Scell PDSCHs can follow FDD HARQ timing with a benefit of reduced HARQ latency. The reason is that the Pcell has UL resources for HARQ-ACK transmissions in every subframe. In fact, the TDD Scell can be viewed as a FDD Scell where some scheduling restrictions, known to a UE, are applied and PDSCHs are not transmitted in certain subframes. Accordingly, depending on subframes where PDSCHs are not transmitted in a TDD Scell, HARQ-ACK payload size and PUCCH formats can be adjusted.

Figure 1 shows HARQ-ACKs transmission for TDD Scell PDSCHs following FDD HARQ timing. 
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Figure 1: HARQ-ACKs transmission for TDD Scell PDSCHs in FDD-TDD CA
In Figure 1, UL subframe #2 in TDD Scell cannot be utilized for PDSCH transmissions while DL subframe #8 in TDD Scell can be utilized for PDSCH transmissions. Therefore, considering this restriction of PDSCH transmissions due to subframe direction in TDD Scells, HARQ-ACKs for only DL subframes can be included for HARQ-ACK payload size calculation for TDD-FDD CA. 
Also, as in an example of Figure 1, in case that TDD-FDD CA UEs is configured with two cells (e.g., the FDD Pcell and a TDD Scell), PUCCH format 1b with channel selection can be supported (if the support of PUCCH format 1b with channel selection is agreed for TDD-FDD CA) and configured to the UEs. In this case, if PDSCHs are transmitted in subframe #2 of the FDD Pcell, it is possible that PUCCH format 1a/1b for the HARQ-ACK feedbacks is used instead of PUCCH format 1b with channel selection because PDSCHs only for the FDD Pcell can be transmitted in subframe #2. Then, the use of PUCCH format 1a/1b when the TDD Scell has UL subframe can give a benefit that PUCCH resources configured for PUCCH format 1b with channel selection can be diverted for other purposes (e.g., PUSCH transmissions). 
Proposal 3: In case of the FDD Pcell in TDD-FDD CA, 

· UL subframes of the TDD Scell are excluded for HARQ-ACK payload size calculation when the TDD Scell has a UL subframe.
· In case PUCCH format 1b with channel selection is configured, PUCCH format 1a/1b is used for HARQ-ACK feedbacks corresponding to a DL subframe of the FDD Pcell when the TDD Scell has a UL subframe.

3 Conclusions 
This contribution considered specification aspects including DCI format designs and PUCCH transmissions in case of the FDD Pcell and proposes the following:
Proposal 1: For a TDD Scell with self-scheduling in case of the FDD Pcell, 

· DL DCI formats use a DL HARQ process field with same size as DL DCI formats for the FDD Pcell and do not include the DAI field.

· UL DCI formats include the UL index field.

Proposal 2: For a TDD Scell with cross-carrier scheduling in case of the FDD Pcell, 

· DL DCI formats use a DL HARQ process field with same size as DL DCI formats for the FDD Pcell and do not include the DAI field.

· UL DCI formats do not include a UL index field if 10ms RTT timing is adopted, otherwise, include the UL index field.

Proposal 3: In case of the FDD Pcell in TDD-FDD CA, 

· UL subframes of the TDD Scell are excluded for HARQ-ACK payload size calculation when the TDD Scell has a UL subframe.
· In case PUCCH format 1b with channel selection is configured, PUCCH format 1a/1b is used for HARQ-ACK feedbacks corresponding to a DL subframe of the FDD Pcell when the TDD Scell has a UL subframe.
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