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1 Introduction
The TDD-FDD joint operation Work Item (WI) was agreed in [1] with the objective to enhance LTE TDD-FDD joint operation using LTE TDD-FDD carrier aggregation (CA) and other potential solutions depending on the outcome of the initial evaluation phase. At the RAN1#74bis meeting, the following agreements related to TDD-FDD joint operation were reached: 
· Ideal backhaul is assumed for TDD-FDD CA
· TDD and FDD cells are synchronized
· 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. 

For operators with both FDD and TDD spectrum, it is crucial to support TDD-FDD joint operation in order to maximize spectrum utilization, system performance and user experience. In this document, we share our views on HARQ feedback and cross-carrier control for TDD-FDD CA. 

2  Discussion 

As stated in [2], TDD-FDD CA in Rel-12 should target UEs with or without multiple uplink transmission capability in one subframe for both co-located (CA scenario 1-3) and non-co-located (CA scenario 4) CA scenarios, as depicted in Figure 1. In general, it is expected that the assumption of ideal backhaul can improve the operational efficiencies and enable the reuse of most Rel-10/11 CA design principles. In the following sections, several CA related technical features are revisited and discussed for the ideal-backhaul case. 
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Figure 1: Two possible deployment scenarios for TDD-FDD CA in Rel-12
2.1 PDSCH HARQ feedback
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Figure 2: Potential PUCCH linkage for TDD-FDD CA

In Rel-10/Rel-11 CA, PUCCH is transmitted on the Primary Cell (PCell) only. The following two options could be considered to support Rel-12 TDD-FDD CA on different frequency bands, as illustrated in Figure 2: 
· Option 1: PUCCH is transmitted on one serving cell only. 

For this option, the design principles as defined in Rel-10 CA and Rel-11 TDD inter-band CA can be reused, which may be desirable in terms of reduced specification effort. Also, the same PUCCH coverage can be maintained as in the existing CA. In addition, this option does not require UL CA capability for UE. Specifically, the serving cell used for PUCCH transmission could be the PCell only, as in previous LTE releases. 

· Option 2: Separate PUCCH for each serving cell is transmitted on the corresponding UL CC of the considered serving cell. 

The PUCCH feedback operation of Option 2 can be described as follows: The HARQ-ACK for PDSCH from serving cell ‘c’ has to be transmitted on the UL CC of the serving cell ‘c’ itself. For the FDD SCell case, this approach could be beneficial in terms of reducing the Round-Trip Time (RTT) delay as well as distributing the HARQ-ACK payload across multiple subframes. However, this approach requires the UE to have a UL CA capability. At last, if simultaneous PUCCH transmissions on different UL carriers are allowed, the PUCCH coverage for each serving cell is reduced by a factor equal to the number of UL carriers, which may cause scheduling restrictions for PUCCH-coverage limited UEs.
Although Option 2 could be beneficial in terms of RTT delay and HARQ-ACK payload distribution, it benefits the FDD SCell case only, while a serious drawback of Option 2 is the UL CA capability requirement. On the other hand, Option 1 provides a single solution regardless of the UE UL CA capability, which could simplify the UE implementation. Therefore, we propose the following: 
Proposal 1: 

· PUCCH is transmitted on one serving cell only. 
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Figure 3:  One example of PDSCH HARQ feedback timing for TDD-FDD CA 
Assuming PUCCH is transmitted on one serving cell only, the following issues need to be further considered by RAN1 for TDD-FDD CA.
For the TDD PCell case as depicted in Figure 3, the approach defined in Rel-11 for inter-band TDD CA can be reused for HARQ feedback when PDSCH is transmitted on the FDD SCell by configuring a DL-reference configuration. However, this approach results in a peak data rate loss due to the fact that no existing TDD HARQ timing has been defined to be associated with subframe #2 within a TDD radio frame as shown in Figure 3. In order to address this issue, RAN1 may need to discuss whether a new HARQ timing scheme needs to be introduced to maximize the DL peak data rate. 
Proposal 2: 

· RAN1 needs to discuss the feasibility of introducing a new HARQ timing scheme to maximize the DL peak data rate for the TDD PCell case.

For the FDD PCell case, it may be possible to follow either FDD HARQ timing or TDD HARQ timing when PDSCH is transmitted on the TDD SCell. However, due to the large RTT latency for PDSCH retransmission on the TDD SCell and the uneven distribution of HARQ payload across UL TDD subframes, it may not be appropriate to follow TDD HARQ timing for PDSCH transmission on the TDD Scell. On the contrary, PDSCH transmission based on FDD HARQ timing would be desirable because of the shorter RTT latency. Note that this timing mechanism should be applied to both self-scheduling and cross-carrier scheduling if the latter is supported for TDD-FDD CA in Rel-12. 
Proposal 3: 

· For the FDD PCell case, FDD HARQ timing is used for the PDSCH transmitted on TDD SCell.

2.2 PUSCH HARQ feedback

In Rel-10/11, PHICH is transmitted only on the DL CC which is used to transmit the UL grant. The same mechanism can be reused for Rel-12 TDD-FDD CA in the self-scheduling case. For the cross-carrier scheduling case, PUSCH scheduling/ HARQ timing may need to be further studied for UL synchronous retransmissions, as detailed in the following section. 
Proposal 4: 

· For the self-scheduling case, PHICH is transmitted only on the DL CC which is used to transmit the UL grant. 
2.3 Cross-Carrier Control

Cross-carrier scheduling was adopted in Rel-10 to enable CA-based ICIC for control channel transmission. Similarly, for TDD-FDD CA, it would be beneficial to employ cross-carrier scheduling for UEs not supporting EPDCCH, especially in heterogeneous network deployment scenarios. 
Proposal 5: 

· For Rel-12 TDD-FDD CA, the support of cross-carrier scheduling could be considered.
If the scheduling CC is an FDD CC, Rel-10 cross-carrier scheduling of PDSCH/PUSCH can be directly applied because there is always a DL subframe available at the scheduling FDD CC. Regarding the scheduling/HARQ timing for PUSCH on the TDD CC, one possible solution is to follow the FDD CC PUSCH scheduling/HARQ timing in order to reduce the retransmission latency. This mechanism, however, cannot guarantee that the PUSCH retransmission always falls into the UL subframes of the TDD CC. To address this issue, the scheduling/HARQ timing of the cross-scheduled TDD CC or a UL-reference configuration for PUSCH on the TDD CC should be considered. Note that PDSCH HARQ timing issues were analyzed in Section 2.1.
Proposal 6: 

· When the scheduling CC is an FDD CC, the scheduling and HARQ timing of PUSCH on the cross-scheduled TDD CC follows either the TDD CC configuration or a UL-reference TDD configuration. The exact design is FFS.
If the scheduling CC is a TDD CC, only some PDSCH and PUSCH transmissions on the FDD CC can be cross-carrier scheduled due to the lack of a DL subframe on the scheduling TDD CC. In this case, several issues with regard to DL and UL scheduling are present:
· For DL scheduling, the Rel-10/11 cross-carrier scheduling rule can be used for the overlapping DL subframes between the scheduled CC and the scheduling CC which are labeled as “Type 1” DL subframes, see Figure 4. However, according to Rel-10/11 cross-carrier scheduling, the DL subframes labeled as “Type 2” DL subframes on the FDD CC cannot be utilized, which would result in DL peak data rate loss for the cross-carrier scheduled UE. As previously discussed in the context of inter-band TDD CA in Rel-11, one possible solution is to enable cross-subframe scheduling on top of the Rel-10/11 cross-carrier scheduling functionality. In particular, as shown in Figure 4, DL cross-subframe scheduling operation assumes that a DL grant transmitted on a specific subframe assigns DL resources on another DL subframe. While supporting cross-subframe scheduling could be beneficial in terms of the UE peak data rate increase, substantial standardization effort is needed to define the exact scheduling timing for “Type 2” DL subframes and, more importantly, significant complexity increase is expected at both the UE and eNB sides. In addition, given the fact that the conflicting subframes, i.e., the subframes with different UL-DL directions between scheduling CC and cross-scheduled CC (e.g., subframes 2, 3, 4 and 7, 8, 9 in Figure 2), could still be used for UEs with or without CA capability with self-scheduling, the impact on the system throughput could be limited in this case even without cross-subframe scheduling. Moreover, if EPDCCH can be supported in the SCell to schedule the DL resources with self-scheduling, the UE peak data rate loss could be alleviated. Based on the analysis above and taking into account the smaller specification impact and implementation effort, the Rel-10/11 cross-carrier scheduling operation without cross-subframe scheduling would be preferred. 

· For UL scheduling, following the scheduling/HARQ timing of the TDD scheduling cell is relatively straightforward for the overlapping UL subframes of the scheduled CC and the scheduling CC which are labeled as “Type 1” UL subframes, see Figure 4. Similar to DL scheduling, cross-subframe scheduling when utilizing a “Type 2” UL subframe on the FDD CC needs to be carefully assessed with the consideration of the potential impact on several relevant factors as discussed above for DL scheduling. 
Proposal 7: 

· RAN1 needs to discuss whether cross-subframe scheduling should be introduced when the scheduling CC is a TDD CC. 
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Figure 4: UL/DL subframe classification and DL cross-carrier linkage for TDD-FDD CA
3 Conclusion

In this contribution, we addressed control channel aspects for Rel-12 TDD-FDD CA. Although most of the design principles in Rel-10/11 CA can be reused, several issues were identified for further study on TDD-FDD CA, including PDSCH/PUSCH HARQ feedback and cross-carrier control. In addition, we provided our views on potential solutions for each identified issue. 
Based on the discussion, we make the following proposals: 

Proposal 1: 

· PUCCH is transmitted on one serving cell only. 
Proposal 2: 

· RAN1 needs to discuss the feasibility of introducing a new HARQ timing scheme to maximize the DL peak data rate for the TDD PCell case.
Proposal 3: 

· For the FDD PCell case, FDD HARQ timing is used for the PDSCH transmitted on TDD SCell.

Proposal 4: 

· For the self-scheduling case, PHICH is transmitted only on the DL CC which is used to transmit the UL grant. 
Proposal 5: 

· For Rel-12 TDD-FDD CA, the support of cross-carrier scheduling could be considered.
Proposal 6: 

· For the case that scheduling CC is FDD CC, the scheduling and HARQ timing of PUSCH on the cross-scheduled TDD CC follows either TDD CC configuration or a UL-reference TDD configuration. The exact design is FFS.

Proposal 7: 

· RAN1 needs to discuss whether cross-subframe scheduling is introduced for the case that the scheduling CC is a TDD CC. 
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