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1 Introduction
In RAN1#66bis, the following agreements were made for TDD inter-band carrier aggregation in Rel-11.
· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.
In addition, it is decided to further discuss the following questions listed in RAN1-66 taking into account the RAN4 response LS [1] on the UE support of simultaneous transmission and reception:

· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

· Is PHICH transmitted on the cell carrying the UL grant?

· Same HARQ timing rules as in Rel-10?

· Same scheduling timing as in Rel-10?
2 Views on the open issues
The RAN4 response LS in [1] indicates that it cannot be always assumed that a UE is capable of supporting simultaneous transmission and reception in the design of TDD inter-band carrier aggregation. “The feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis.” In other words, there are cases where it is not feasible for TDD UEs to support simultaneous transmission and reception, e.g. when the two aggregated bands are not sufficiently separated. Furthermore, “additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands.” Given the RAN4 response, and in order to reap the benefits of carrier aggregation at least in the subframes where the transmission direction is the same on all aggregated serving cells, it is proposed that:
Proposal 1: For TDD UEs not capable of simultaneous transmission and reception, RAN1 design shall support carrier aggregation for these UEs at least in the subframes with the same transmission direction on all aggregated serving cells.

It has also been discussed in the previous meetings on whether it can be assumed that a UE capable of DL inter-band carrier aggregation is always capable of UL inter-band carrier aggregation. For Rel-10, TDD inter-band carrier aggregation is not supported by RAN4 specification. Further, inter-band carrier aggregation for Rel-10 FDD is only supported in the downlink while not in the uplink. The main reason is that supporting inter-band carrier aggregation in the uplink almost certainly requires multiple transmit RF chains at the UE side, which significantly increase the UE implementation complexity and cost. Even for UEs capable of inter-band carrier aggregation both in the downlink and in the uplink, it is beneficial to allow separate configuration of carrier aggregation in the downlink and uplink, since the traffic or data rate demands on the downlink and uplink can be different. Given the above observation, we the following proposal:
Proposal 2: For TDD UEs with inter-band carrier aggregation, RAN1 design shall at least support carrier aggregation in the downlink and non-carrier aggregation in the uplink. 

The above two proposals ensure that more TDD UEs can achieve the benefits of carrier aggregation in a TDD inter-band carrier aggregation system with different UL-DL configurations on different bands.

Given the above two proposals, we provide our answers to the following questions.
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
Cross-carrier scheduling as defined in Rel-10, i.e. PDCCH in a serving cell schedules PDSCH/PUSCH in another serving cell in the same subframe, can be directly inherited for TDD inter-band carrier aggregation systems, in the sense that there is no new functionality required. On the other hand, cross-carrier and cross subframe scheduling (or multi-TTI scheduling) shall be avoided since it effectively requires new scheduling timing compared to Rel-8, which significantly increases the implementation complexity.
· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)
Typically the RAN1 design is band-agnostic. Unless there is a strong motivation (e.g. to simplify the design without significant performance loss) to restrict the number of supported bands from RAN1 perspective, it is preferred to keep this aspect agnostic to RAN1.
· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
It is preferred not to enforce any restrictions on the combination of TDD UL-DL configurations, unless there is a strong motivation to do so. For example, certain combinations of TDD UL-DL configurations may effectively lead to a new TDD UL-DL configuration compared to those supported in Rel-8. Then it is reasonable not to support these combinations of TDD UL-DL configurations in Rel-11, in order to avoid significant impact on implementations. It shall be noted that the supported combinations of TDD UL-DL configurations may be dependent on the detailed design choice, including the preferences on the other questions listed in this section.
· Is PUCCH still transmitted on only 1 CC?
For TDD UEs configured with inter-band carrier aggregation only in downlink (i.e. only a single configured serving cell in uplink), it is necessary that PUCCH is transmitted only on the single configured serving cell in uplink. RAN1 design shall at least support such TDD inter-band CA UEs with PUCCH transmitted on one serving cell.
· Is PUCCH always on the PCell?
For TDD UEs configured with inter-band carrier aggregation only in downlink (i.e. only a single configured serving cell in uplink), the single configured serving cell in uplink is automatically the PCell. RAN1 design shall at least support such TDD inter-band CA UEs with PUCCH transmitted on the PCell.
· Is PHICH transmitted on the cell carrying the UL grant?
PHICH can be transmitted on the cell carrying the UL grant, which follows the same design as in Rel-10 carrier aggregation.
· Same HARQ timing rules as in Rel-10?
It is important from implementation perspective that no new HARQ timing as defined in Rel-8/Rel-10 is introduced in Rel-11. In other words, it shall be possible to use one of the Rel-8/Rel-10 HARQ timings for a TDD UE connected in an inter-band carrier aggregation system with a certain combination of TDD UL-DL configurations on different serving cells. It is also noted that HARQ timing is also related to scheduling timing. 
· Same scheduling timing as in Rel-10?
It is important from implementation perspective that no new scheduling timing as defined in Rel-8/Rel-10 is introduced in Rel-11. In other words, it shall be possible to use one of the Rel-8/Rel-10 scheduling timings for a TDD UE connected in an inter-band carrier aggregation system with a certain combination of TDD UL-DL configurations on different serving cells.

3 Conclusions
In this contribution, we provide our views on the open issues related to TDD inter-band carrier aggregation. In particular, we have the following two general proposals: 

Proposal 1: For TDD UEs not capable of simultaneous transmission and reception, RAN1 design shall support carrier aggregation for these UEs at least in the subframes with the same transmission direction on all aggregated serving cells.

Proposal 2: For TDD UEs with inter-band carrier aggregation, RAN1 design shall at least support carrier aggregation in the downlink and non-carrier aggregation in the uplink. 
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