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1 Introduction
In RAN plenary #60, a new work item was approved for LTE TDD-FDD joint operation [1]. In last RAN1 meeting, deployment scenarios of joint operation on FDD and TDD spectrum were discussed and some conclusions were achieved:
· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant. 

Similar to inter-band TDD CA with different UL-DL configurations, DL HARQ will be the main issue for TDD-FDD CA since Pcell and Scell have different DL HARQ timings. Moreover, UL HARQ and UL scheduling will be another issue if cross-carrier scheduling is enabled in TDD-FDD CA, since the scheduling cell and the scheduled may have different UL HARQ and UL scheduling timings. In this contribution, we discuss the timing issue of HARQ and scheduling considering four use cases with Pcell and the scheduling cell as either TDD or FDD cell.
2 Discussion
In a traditional CA system, DL HARQ-ACKs of all serving cells are reported via PUCCH or PUSCH of the Pcell. If the cross-carrier scheduling is enabled for one serving cell, UL HARQ-ACK, UL grant and DL assignment corresponding to the serving cell (scheduled cell) are transmitted in another serving cell (scheduling cell). Based on the framework, HARQ and scheduling timing are the main issues in Rel-11 WID of inter-band TDD CA with different UL-DL configurations. DL-reference configuration is proposed for the DL HARQ timing of Scell, and UL-reference configuration is proposed for the UL HARQ and UL scheduling timing for the scheduled cell. Similarly, HARQ and scheduling timing will also be the main issues for TDD-FDD CA due to the different HARQ/scheduling timings for TDD and FDD cells. According to Pcell and the scheduling cell being  FDD or TDD cell, four use cases are discussed separately in following sub-sections.    
2.1 FDD cell as Pcell and TDD cell as Scell
Compared with a TDD system, an FDD system generally has a better coverage. However, a TDD system has more flexible configuration on the ratio of UL to DL resource. So, configuring the FDD cell as Pcell and the TDD cell as Scell is likely to be deployed in a realistic network, i.e., the FDD spectrum is deployed as the coverage layer for mobility, and the TDD spectrum is deployed as the capacity layer for the peak data rate.   
In this use case, if the DL HARQ timing of TDD Scell follows the rule of the TDD Scell, the corresponding UL subframe to report the DL HARQ-ACK of TDD Scell is always available in the FDD Pcell. For PUCCH format 1b with CS, the information bits mapping table, i.e. b(0) and b(1) generation, shall be enhanced to multiplex the DL HARQ-ACK for FDD and TDD cells. For PUCCH format 3, the number of total information bits may be larger than 11 when the DL HARQ-ACKs of multiple TDD DL subframes are multiplexed in one FDD UL subframe. 
An alternative solution is the DL HARQ timing of TDD Scell follows the rule of the FDD Pcell, i.e. the HARQ-ACK of DL subframe n in Scell is reported at UL subframe n+4. So, the DL HARQ-ACK of Scell can be reported in time and needs not to be bundled/multiplexed in one UL subframe. The corresponding DL HARQ-ACK transmission is similar to the schemes in the existing FDD CA for PUCCH format 1b with CS and PUCCH format 3. In addition, due to the timely DL HARQ-ACK reports, the number of DL HARQ processes in the TDD cell can be reduced, and the HARQ process number field in the related DCI formats can be reduced to 3 bits.
Observation 1: DL HARQ timing of TDD Scell can follow either FDD Pcell or TDD Scell. Pros and cons should be studied considering specification impact. 
2.2 TDD cell as Pcell is and FDD cell as Scell 

Compared with the above use case, the TDD cell as Pcell and the FDD cell as Scell may be less favored by operators. However, this use case may also be needed for some specific deployment scenarios. For example, in a HetNet with a serious interference condition, cross-carrier scheduling shall be enabled to mitigate the interference in the control channel region. Thus it is possible to set the TDD cell as Pcell at one eNB and set the FDD cell as Pcell at another eNB. In addition, it shall not be prohibited to set the TDD cell as Pcell from the perspective of specification since the Pcell configuration is UE-specific. 
In this use case, the DL HARQ problem is more complex than in the previous use case since UL subframes in the TDD Pcell are not contiguous. If the DL HARQ timing of FDD Scell follows the rule of the FDD Scell, the corresponding UL subframe to report the DL HARQ-ACK of TDD Scell may be not available in the TDD Pcell. Similarly, if the DL HARQ timing of FDD Scell follows the rule of the TDD Pcell, the DL HARQ-ACK of an FDD-DL subframe corresponding to a TDD-UL subframe cannot be reported according to the existing TDD HARQ timing. Therefore, a new DL HARQ-ACK timing shall be specified when reusing the DL HARQ-ACK report mechanism of the traditional CA, i.e. allowing PUCCH transmission only in Pcell. Some rules for the new DL HARQ-ACK timing can be defined, e.g. the HARQ-ACK of a DL subframe n in Scell is reported at an available UL subframe n+k (with k>=4) in Pcell. The rule can be used only for those FDD-DL subframes corresponding to TDD-UL subframes. For other DL subframes of the FDD cell, the existing TDD DL HARQ-ACK timing can be reused.    
Observation 2: New DL HARQ timing of FDD Scell needs to be specified if PUCCH transmission is only allowed in Pcell in the current CA framework. 
2.3 FDD cell as scheduling cell and TDD cell as scheduled cell 

Cross-carrier scheduling may be configured in an FDD-TDD CA system to mitigate the interference in the DL control region. For the use case of the FDD cell as the scheduling cell and the TDD cell as the scheduled cell, the UL HARQ and UL/DL scheduling related issues are not difficult since there are always DL subframes in the scheduling FDD cell.
If the UL HARQ and the UL scheduling timings of the scheduled TDD cell follow the rule of the scheduled TDD cell, the corresponding DL subframe to transmit the UL HARQ-ACK and the UL grant of the scheduled cell is always available in the scheduling FDD cell. One impact is that, when scheduled TDD cell is configured with UL-DL configuration 0, the PHICH resource corresponding to scheduled TDD cell may be not available in scheduling FDD cell, since there is only one group of PHICH resource in an FDD-DL subframe. In addition, the DCI payload size for a cross-carrier scheduled UE in the TDD mode may be different from a legacy UE in the FDD mode. However, this is not a problem because the number of blind decodings for PDCCH is not impacted. 

An alternative solution is the UL HARQ and the UL scheduling timings of the scheduled TDD cell follow the rule of the FDD cell, i.e., transmitting the UL HARQ-ACK in subframe n+4 and UL grant in subframe n-4 given a PUSCH transmission at subframe n. Since subframe n+8 may be not an UL subframe, the PHICH and the UL grant to trigger an UL (re)transmission corresponding to the same UL subframe may be transmitted at different DL subframes. However, this does not impact the UL transmission since an UL grant has a higher priority than a PHICH. In addition, if the TDD cell is configured with TDD UL-DL configuration 0, the UL index field in DCI format 0/4 can be removed when transmitted in the FDD cell.    

Observation 4: UL HARQ and UL scheduling timing of scheduled TDD cell can follow either scheduling FDD cell or scheduled TDD cell. Pros and cons should be studied considering specification impact.
2.4 TDD cell as scheduling cell and FDD cell as scheduled cell 

For the use case of the TDD cell as the scheduling cell and the FDD cell as the scheduled cell, the UL HARQ and scheduling timing problem will be more complex since DL subframes are not contiguous in the TDD cell. In addition, an FDD-DL subframe corresponding to a TDD-UL subframe cannot be scheduled by the TDD cell. Thus DL cross-subframe scheduling shall be used to schedule multiple PDSCH transmissions via one or multiple PDCCHs in one DL subframe. Similar to the UL index field in DCI format 0/4 for TDD UL-DL configuration 0, which is used to indicate scheduled UL subframe(s) via a bitmap, a DL index field is required in DL assignment related DCI formats for DL cross-subframe scheduling. If one PDCCH is used to schedule multiple PDSCHs, the HARQ process number corresponding to each of the multiple PDSCHs shall also be indicated in the PDCCH.  
In this use case, if the UL HARQ and the UL scheduling timing of the scheduled FDD cell follow the rule of the scheduled FDD cell, the corresponding DL subframe to transmit PHICH and UL grant may be not available in the scheduling TDD cell. If the UL HARQ and the UL scheduling timings of the scheduled FDD cell follow the rule of the scheduling TDD cell, an FDD-UL subframe corresponding to a TDD-DL subframe cannot be scheduled, and the corresponding UL HARQ-ACK cannot be transmitted. A straightforward solution to avoid scheduling restriction is to define new UL HARQ and UL scheduling timings, i.e., transmitting PHICH and UL grants in several TDD-DL subframes to schedule ten contiguous FDD-UL subframes. In addition, since reserved PHICH resources in the scheduling cell are fixed, PHICHs associated to some FDD-UL subframes may not be transmitted in the scheduling TDD cell based on the existing PHICH resource determination mechanism.   
Observation 5: DL cross-subframe scheduling shall be used to schedule FDD-DL subframes corresponding to TDD-UL subframes.
Observation 6: New UL HARQ and UL scheduling timings of scheduled FDD Scell needs to be specified.
Observation 7: PHICH resource corresponding to scheduled FDD cell may be not available in scheduling TDD cell. 
3 Conclusion

In this contribution, we discussed HARQ issues under four use cases for TDD-FDD CA. From the above discussion, we can see the use case of the TDD cell as Pcell or as the scheduling cell has more specification impacts than the use case of the FDD cell as Pcell or as the scheduling cell. Among the four use cases, the case of the TDD cell as the scheduling cell has the most specification impacts. Based on above discussion, we have the following proposals:
Proposal 1: For the use case of FDD cell as Pcell and TDD cell as Scell, DL HARQ timing of TDD Scell can follow either FDD Pcell or TDD Scell.
Proposal 2: For the use case of TDD cell as Pcell and FDD cell as Scell, new DL HARQ-ACK timing of FDD Scell needs to be specified if PUCCH transmission is only allowed in TDD Pcell in the current CA framework.
Proposal 3: For the use case of FDD cell as scheduling cell and TDD cell as scheduled cell, UL HARQ and UL scheduling timing of scheduled TDD cell can follow either scheduling FDD cell or scheduled TDD cell.
Proposal 4: For the use case of TDD cell as scheduling cell and FDD cell as scheduled cell, new UL HARQ and UL scheduling timing of scheduled FDD cell needs to be specified. And DL cross-subframe scheduling shall be used to schedule FDD-DL subframes corresponding to TDD-UL subframes. 
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