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1. Introduction

It was agreed at RAN1 #66bis to support inter-band CA with different TDD UL-DL configurations in Rel-11. This contribution provides our views on the following design questions posed during the RAN1 #66 and #66bis meetings:

· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
· How many bands are supported? 
· 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. Discussion
Most of the issues seen with supporting different UL-DL configurations for inter-band CA (see e.g. [1] – [3]) occur because of different transmission directions (DL or UL) in the same subframe, which we hereafter denote as a mismatched subframe. Some of these issues are considered in this contribution.
2.1. Self-scheduling

One problem that arises for mismatched subframes is shown in Figure 1, where the PCell (scheduling cell) is DL-heavy with respect to the SCell (configuration #2 vs. configuration #1). If the PUCCH is only on the PCell then it can be seen that A/N in response to PDSCH in subframe #4 cannot be transmitted according to the SCell HARQ timing in subframe #8 because it is a DL subframe on the PCell.
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Figure 1 A/N timing for a DL-heavy PCell 
Two proposed solutions are:

a) Option 1: the SCell UL A/N timing follows the PCell timing [1]. This implies that the A/N signal is sent in subframe #2 of the PCell. In contrast, if an UL grant is scheduled for subframe #8 on the SCell the A/N is sent on the PUSCH per Rel-10 procedure. This approach leads to two different solutions – equivalently two different round trip times for the same HARQ process – depending on the presence of PUSCH transmission on the SCell. Note that this issue does not happen for half-duplex UEs if the PCell direction is prioritized.
b) Option 2: PUCCH transmission on SCell. Since the PCell is configured for DL in subframe #8, the SCell can be configured to transmit PUCCH. One of the reasons for only permitting PUCCH on the PCell in Rel-10 was to avoid PAPR increase and the need for prioritization of different PUCCH transmissions in the case of UL power limitation. This principle is not violated here since the PCell is configured for DL. However, there are still limitations to this approach. First, it is only applicable to full-duplex UEs. Secondly, and more importantly, it has limited applicability to the case where the UE is configured for UL CA. Note that this second limitation was also a strong motivation for supporting PUCCH only on PCell in Rel-10. 

Therefore, our preference is to consider solutions based on Option 1. In addition we propose
Proposal 1: PUCCH is transmitted only on one cell, which is the PCell.

2.2. Cross-cell scheduling
The case of cross-scheduling when cells with different UL-DL configurations are aggregated is illustrated in Figure 2 for UL-heavy PCell. In Figure 2(a) it can be seen that subframes #3 and #8 on the SCell cannot be scheduled from the PCell in the same subframe. 
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Figure 2 Cross-cell scheduling with UL heavy PCell: (a) Configuration #1 and (b) Configuration #0
Two possible solutions are:
a) Cross-schedule subframes [2]: As shown in Figure 2(a), subframes #3 and #8 on the SCell can be cross-scheduled by subframes #1 and #6 of the PCell. Although a related multi-subframe scheduling was used in Rel-8 scheduling of PUSCH in UL-DL configuration #0 some other issues may be introduced by re-using this same concept in the DL. For example, scheduler complexity increases for heavily loaded cells because of non-causal resource assignment. For example, it can be seen in Figure 2(b) that for UL-DL configuration #0 on the PCell, up to 3 subframes on the SCell (#1, #3 and #4) are scheduled from subframe #1 on the PCell. 
b) Restricted scheduling: a different option is that PDSCH cannot be scheduled on a mismatched subframe on the SCell. This avoids the need for significant changes to the specifications but reduces the transmission efficiency on the scheduled cell – e.g. 25% for configuration #2 on the SCell. 
It can be recalled that cross-cell scheduling was introduced in Rel-10 primarily as a means for ICIC of DL control channels. Since interference on legacy control channels is still an issue for Rel-11 it is desirable to support cross-cell scheduling for inter-band CA with further consideration of scheduling restrictions or multi-subframe scheduling.

Proposal 3: Cross-cell scheduling is supported for TDD inter-band CA with different UL-DL configurations. Support of multi-subframe scheduling is FFS. 

PHICH
The primary motivation for cross-cell scheduling of the PDSCH/PUSCH for reliability of PDCCH is also applicable to the PHICH. Therefore, the PHICH should be transmitted on the scheduling cell as in Rel-10.

Proposal 4: PHICH is transmitted on the scheduling cell as in Rel-10.

When the SCell is cross-scheduled for PUSCH transmission in subframe n by the PCell, the corresponding PHICH resource, in subframe n + kPHICH may either not be an UL subframe on the PCell, or there are no PHICH resources configured for that subframe on the PCell. An example can be seen in Figure 3 where subframe #8 on the SCell is cross-scheduled by subframe #4 on the PCell. Following the Rel-10 SCell timing the corresponding DL A/N is expected on the PHICH in subframe #4 of the PCell which has zero PHICH resources per Rel-10 configuration. As mentioned in [3] new PHICH resources cannot simply be added because it changes a legacy UE’s determination of PDCCH resources in the legacy control region. Possible solutions for further investigation include:

a) A new DL HARQ-ACK timing for the SCell. 

b) The UE ignores PHICH and relies on adaptive retransmission.  
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Figure 3 Lack of PHICH resources for DL A/N of a cross-scheduled SCell 
2.3. Other Issues
Restrictions on combinations of aggregated UL-DL configurations: it can be seen that UL-DL configurations 0, 1 and 2 satisfy all the motivations for introducing inter-band CA with different UL-DL configurations. These are also some of the commonly used configurations e.g. for co-existence with other RATs. As seen from the preceding discussions, RAN1 may have to consider new HARQ timing rules, and different inter-band CA solutions depending on UE duplex capabilities. To reduce the specification impact, our preference is to reduce the number of combinations of UL-DL aggregations that can be configured for a Rel-11 UE. 

Proposal 5: consider restricting the number of combinations to UL-DL configurations 0, 1, and 2.
Number of supported UL-DL configurations or bands 

The motivations supporting the introduction of inter-band CA with different UL-DL configurations include legacy system coexistence, het-net support and flexible configurations for coverage and, higher peak rate. All these merits are achievable by configuring a UE with at most two different UL-DL configurations. Therefore, our preference is to support at most 2 UL-DL configurations in Rel-11.

Proposal 6: at most two different TDD UL-DL configurations are supported for a Rel-11 UE.

3. Conclusion

This contribution studied a few specification impacts of supporting inter-band CA with different UL-DL configurations. Based on the design questions raised at the last RAN1 meetings our initial preferences are:
1) PUCCH is transmitted on one cell.

2) PUCCH is only transmitted on the PCell. 
3) At least for Rel-11, at most two different TDD UL-DL configurations are supported for CA.
4) Consider restricting the number of combinations to UL-DL configurations 0, 1, and 2.
5) PHICH is transmitted on the scheduling cell as in Rel-10.

6) At most two different TDD UL-DL configurations are supported for a Rel-11 UE.
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