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1. Introduction

Carrier aggregation between TDD and FDD cells has been agreed for LTE Rel-12. At the RAN1 #74bis meeting some design principles were adopted to guide the specification work. Specifically, it was agreed that:
· TDD and FDD cells are synchronized
· Maximum supported number of aggregated CCs 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
· 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
Some other general questions still remain open including PUCCH considerations and cross-carrier scheduling. This contribution discusses some of these open issues in order to help guide the design choices for specifying TDD-FDD CA.
2. Discussion
2.1. PUCCH Considerations

Early on during Rel-10 CA specification it was agreed to restrict PUCCH transmission to the PCell for a CA-configured UE. As noted in [1] one of the reasons for this design choice was to reduce the UE cost for supporting CA by not having to support multiple UL bands or band combination. Another consideration at the time was to avoid power back-off that would be required for parallel PUCCH transmission since reliable UCI transmission is a cornerstone of efficient system performance. A third consideration was that PCell-only PUCCH avoided possible ambiguity between the eNB and UE during addition or removal of SCells since all HARQ-ACK feedback on PUCCH is transmitted on the PCell. 

Whilst these considerations still hold true for single-duplex mode CA, it is worth discussing if all of them are as important for TDD-FDD CA also taking into account the deployment scenarios in the small cell enhancements study items. Some observations are as follows:

1) An objective of the TDD-FDD WI is that UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD carriers. Therefore, there are no significant cost implications in terms of support of band/band combinations that may prevent more UEs from supporting PUCCH transmission on a SCell.

2) If it is agreed to specify inter-eNB resource aggregation in Rel-12, it is likely that PUCCH transmission to a secondary eNB may be introduced. In this case, it would be good to at least consider the possibility of supporting SCell PUCCH for TDD-FDD CA. 
a. It was also noted in [2] that large scale deployment of small cells in TDD mode with an FDD macro cell as the PCell could lead to overloading of the PCell PUCCH.

3) If an FDD SCell is configured with a TDD PCell, the FDD HARQ feedback latency would increase, depending on the DL subframe and UL/DL configuration of the PCell, if HARQ-ACK feedback is only transmitted on the PCell. 

Nevertheless, we believe that PCell PUCCH should be first priority for transmitting uplink control information. This ensures that we adhere as much as possible to the existing CA procedures. Furthermore, even if SCell PUCCH is allowed in Rel-12, parallel PUCCH transmission on both PCell and SCell should not be permitted to avoid new rules in case of transmit power limitation. Therefore, when there are UL resources available in a subframe for both PCell and SCell we propose that PUCCH should be transmitted on the PCell. 

 Proposal: 
· At least when there are UL resources available in a subframe for PCell and SCell, PUCCH should be transmitted on the PCell.

· RAN1 should agree on what conditions PUCCH may be permitted on a SCell.

2.1.1. Support of PUCCH Formats

A Rel-10/11 FDD CA-capable UE may only support PUCCH Format 1b with channel selection for HARQ-ACK transmission when configured with a single SCell. In contrast a Rel-10/11 TDD CA-capable UE supports both PUCCH Format 1b with channel selection and PUCCH Format 3. Therefore, it follows that a UE supporting TDD-FDD CA should support PUCCH Format 3 and can be configured for PUCCH Format 3 transmission even if only one SCell is configured.
2.1.2. Considerations on CSI reporting

Periodic/aperiodic CSI reporting for TDD-FDD CA can be similarly configured as for single duplex-mode CA. For periodic CSI reports, prioritization of CSI reports in case of collision is based on PUCCH reporting types and the serving cell index. For TDD-FDD CA, when the PCell is TDD, it is probable that there could be more frequent dropping of CSI reports compared to the case of an FDD PCell. Further study is required to determine if any enhancement is needed for periodic CSI reporting.  

2.2. Cross-carrier scheduling
Cross-carrier scheduling was introduced in Rel-10 for heterogeneous deployment scenarios where the UE may not reliably detect downlink control information on a SCell, especially in a range expansion zone. It was noted in [1] that cross-carrier scheduling is redundant when the EPDCCH is available. Secondly, cross-carrier scheduling may not be useful for small cell deployments with non-ideal backhaul. Therefore, it may be better to strive for unified solutions for small cell deployments as mentioned in [2]. On the other hand, since cross-carrier scheduling is already supported in previous releases it is worthwhile to at least understand the specification impact for TDD-FDD CA.
Cross-scheduling of PDSCH on an FDD SCell from a TDD PCell is limited by the number of DL subframes on the PCell. Therefore, either scheduling restrictions are applied (as was agreed for Rel-11 TDD inter-band CA) or the discussion on cross-subframe or multi-subframe scheduling would need to be revisited – which is not our preference. In contrast, scheduling from an FDD PCell can be implemented without any specification impact since all DL subframes are available. Further optimization of the HARQ timing for a TDD SCell is then for further study. 
For UL scheduling the specification impact is more severe as it also depends on scheduling and HARQ timing when the SCell operates in FDD mode. The impact would be at least as much as what was observed for Rel-11 TDD CA with different UL/DL configurations. To focus the discussions in Rel-12 it is desirable to first specify TDD-FDD CA for the self-scheduling case. 
Proposal: for scheduling of DL and UL transmission on a SCell, first priority should be given to the self-scheduled case.
3. Conclusion

This contribution studied a few more general aspects for TDD-FDD CA including SCell PUCCH and support of cross-carrier scheduling. Our observations and recommendations are summarized below:
· At least when there are UL resources available in a subframe for PCell and SCell, PUCCH should be transmitted on the PCell.
· RAN1 should agree on what conditions PUCCH may be permitted on a SCell.

· For scheduling of DL and UL transmission on a SCell, first priority should be given to the self-scheduled case.

· Further study is required to determine if any enhancement is needed for periodic CSI reporting.
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