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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 downlink HARQ operation, uplink HARQ operation and DCI format designs in case that PCell is FDD and SCell is TDD for FDD-TDD CA. 
2 Carrier Aggregation of TDD and FDD Carriers
Two possible combinations of TDD and FDD carriers are possible. The first combination is where the PCell is FDD and SCell is TDD. The second combination is where the PCell is TDD and SCell is FDD. In case the PCell is FDD and SCell is TDD, the FDD PCell has downlink and uplink in every subframe. Taking into account the assumption that PUCCH is still transmitted on PCell for FDD-TDD CA, FDD PCell can always provide uplink resources for HARQ feedbacks for PDSCHs whenever the PDSCHs are scheduled in TDD SCell. Also, FDD PCell can always provide downlink resources for PUSCHs scheduling/HARQ feedback to the PUSCHs whenever the PUSCH transmissions are needed in SCell. Based the above observations, possible specification aspects for TDD SCell in case of a FDD PCell are discussed in the following sections.
2.1 Downlink HARQ Operation
In LTE TDD, an uplink subframe of the PCell was designed to carry HARQ-ACKs for PDSCHs in multiple downlink subframes. The motivation for such a design is because typical TDD UL-DL configurations have more downlink subframes than uplink subframes. Conversely, for FDD, HARQ-ACKs for PDSCHs in every downlink subframe can be transmitted in every UL subframe after 4 subframes from the subframe where the PDSCHs are transmitted. Similar approach can apply for a TDD SCell in case of FDD-TDD CA as the PCell has uplink 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 PDSCH is not transmitted in certain subframes. Consequently, a TDD SCell aggregated by a FDD PCell does not need to follow TDD HARQ-ACK transmission procedures. In such a case, HARQ-ACKs for SCell PDSCHs are transmitted on the corresponding uplink subframe (after 4 subframes) of the FDD PCell. In short, HARQ timing for TDD SCell PDSCHs can follow FDD HARQ timing. The benefits include a reduced HARQ latency and a reduced HARQ-ACK payload per UL subframe that improves reception reliability. 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
Proposal 1: HARQ timing for TDD SCell PDSCH follows HARQ timing of the FDD PCell in FDD-TDD CA.
2.2 Uplink HARQ Operation
In case of cross-carrier scheduling on a TDD SCell by a FDD PCell, uplink grant/PHICH for SCell PUSCH are conveyed in PCell. For this case, there can be two alternatives for PUSCH HARQ timing as depicted in Figure 2 and 3, respectively. A first alternative is to follow HARQ timing based on TDD UL-DL configuration of SCell. Following HARQ timing based on TDD UL-DL configuration of SCell is possible because FDD PCell can always provide downlink resources for uplink grant/PHICH whenever the PUSCH transmissions are needed in the TDD SCell. Figure 1 shows one example where HARQ timing for SCell PUSCH follows the HARQ timing based on TDD UL-DL configuration of SCell.
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Figure 2: Uplink HARQ procedure for TDD HARQ timing in FDD-TDD CA

A second alternative is to follow HARQ timing based on FDD. That is, SCell PUSCH in subframe n is scheduled by uplink grant in subframe n-4. Furthermore, uplink grant/PHICH for the PUSCH is sent in subframe n+4 while the retransmission for the PUSCH is performed in subframe n+8. Figure 3 shows one example following FDD HARQ timing for SCell PUSCH. In Figure 3, a problem of following FDD HARQ timing is identified. The problem is that in case FDD HARQ timing is applied for SCell PUSCH, an uplink subframe cannot be always guaranteed for PUSCH retransmission in the TDD SCell. The reason for the problematic situation is due to the different uplink HARQ design on the FDD and TDD in LTE. In LTE FDD, time interval between initial and re-transmission is always based on eight subframes while in LTE TDD, time interval between initial and re-transmission is based on ten subframes (e.g., in TDD UL-DL configuration 1~5). Based on the above observation, the first alternative where PUSCH HARQ timing for TDD SCell follows that of TDD UL-DL configuration of SCell is preferred.
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Figure 3: Uplink HARQ procedure for FDD HARQ timing in FDD-TDD CA

Proposal 2: In FDD-TDD CA, HARQ timing for TDD SCell PUSCH follows TDD HARQ timing in case of cross-carrier scheduling.
2.3 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 configuration 1~6 that intends to avoid a different understanding between an eNB and a UE regarding HARQ-ACK generation and payload that can result from missed-detections of PDCCHs. The other field is the uplink index that is intended to enable multi/cross-TTI scheduling for PUSCHs in TDD UL-DL configuration 0. For PDSCH HARQ timing in TDD SCell, if SCell PDSCHs follow FDD HARQ timing, respective HARQ-ACK feedback can be transmitted in every uplink subframe of the FDD PCell. Therefore, similar to operation in FDD, it would no longer be necessary to include the DAI field in DCI formats scheduling PDSCH in the TDD SCell for TDD UL-DL configuration 1~6. For PUSCH HARQ timing in TDD SCell, if SCell PUSCHs follow TDD HARQ timing, an uplink index is still necessary in TDD UL-DL configuration 0. In this case, an uplink DAI can be used to indicate the number of scheduled PDCCHs as it is.
Additionally, due to the longer HARQ-ACK latency in TDD, there are more downlink HARQ processes than in FDD and then downlink DCI formats include more bits for the downlink HARQ processes in TDD than in FDD. However, if SCell PDSCHs follow FDD HARQ timing, it would no longer be necessary to have more downlink HARQ processes for the TDD SCell and the downlink HARQ process field in downlink DCI formats can have its FDD size for the TDD SCell. 

Proposal 3: For a FDD PCell and a TDD SCell, DCI formats for the TDD SCell PDSCH do not include a DAI field and use a downlink HARQ process field with same size as in the FDD PCell.
3 Conclusions 
This contribution considered specification aspects related to FDD-TDD CA in case of a FDD PCell and proposes the following:
Proposal 1: HARQ timing for TDD SCell PDSCH follows HARQ timing of the FDD PCell in FDD-TDD CA.
Proposal 2: In FDD-TDD CA, HARQ timing for TDD SCell PUSCH follows TDD HARQ timing in case of cross-carrier scheduling.

Proposal 3: For a FDD PCell and a TDD SCell, DCI formats for the TDD SCell PDSCH do not include a DAI field and use a downlink HARQ process field with same size as in the FDD PCell.
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