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1. Introduction

In Rel-10, carrier aggregation support for TDD assumes identical UL-DL configurations across all aggregated cells. The work item on carrier aggregation enhancements for Rel-11 [1]

 REF _Ref299715208 \r \h 
[2] sets an objective to investigate support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands. 
In LTE, seven different UL-DL configurations are available for flexible TDD deployments with targeted mix of traffic asymmetry requirements. The UL-DL configurations may also be selected in response to coexistence requirement with adjacent bands. Consequently, different UL-DL configurations may be adopted for an operator’s TDD cells in different bands. 

If TDD cells with different UL-DL configurations are aggregated, certain subframes will have conflicting UL-DL directions as illustrated in Figure 1. 

· TDD UEs are typically not designed to perform transmission and reception simultaneously. Hence, following this operation principle for subframes with conflicting UL-DL directions, the UE needs to be restricted to access radio resource from cells with the same direction (similar to half-duplex operations). 

· However, if a UE with proper hardware is capable of transmitting and receiving on the two different bands simultaneously, the UE can enter this full-duplex operation mode temporarily. Such type of UEs will be able to utilize the radio resource from the aggregated cells fully. 
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Figure 1 Subframes with conflicting UL-DL directions in interband TDD CA scenario.
In [3], we survey the hardware impact for supporting these alternative approaches. It is found that support of half-duplex operations is important to UE implementation and may be necessary in certain aggregation cases with small interband frequency gaps. On the other hand, if the band separation is large and the UE is equipped with improved hardware, full duplex operations will allow the UE to fully utilize the radio resources from all aggregated cells and achieve better efficiency and end-user experience. 

In this contribution, we discuss operation principles for effective support of interband TDD CA with different UL-DL configurations.

2. Discussion

2.1. Scell UL-DL configuration knowledge
In Rel-10 TDD CA, identical UL-DL configuration is assumed across all aggregated cells. Hence, no signaling mechanism is provided to indicate the UL-DL configurations of the Scells to the UE. 

If no new signaling mechanism is introduced in Rel-11, for the interband TDD CA scenarios illustrated in Figure 1, a UE will continue to assume the UL-DL directions of the same subframe time are consistent across all cells. The subframes in the Scells with different directions than the Pcell become inaccessible. This is a form static prioritization of UL-DL resources that does not allow responsive adaptation of radio resource to application and system loads. Furthermore, such approach would place severe complication and restriction on system operations:

· For Scell subframes with the UL direction (but the DL direction for the Pcell), it is necessary that eNB does not grant UL transmission nor configure SR and SRS resources on these subframes. Random access on Scell for multiple timing advances support shall also be specified and implemented with precision to avoid erroneous transmissions from the UEs.

· For Scell subframes with the DL direction (but the UL direction for the Pcell), UEs may continue to monitor, among other essential L1 signals, CRS to maintain various L1 functions such as AFC, AGC, CSI estimation, etc. Without knowing such L1 signals are absent, these important L1 functions will be disrupted. If the UE is configured to use CSI subsets per Rel-10 eICIC handling, these drawbacks may be reduced. However, such solution would impact eICIC operation effectiveness when the concerned TDD cells are in fact operated in HetNet scenarios. Note also that the UE continues to waste energy processing the absent DL signals during such subframes. The UE also wastes radio resources to feed back useless CSI for the conflicting subframes.

Based on these observations, it is beneficial to provide signaling mechanism to inform the UE of the different UL-DL configurations of the aggregated Scells.
Proposal 1 Provide UL-DL configuration information of the aggregated Scell(s) to the UE.
2.2. Minimizing specification and implementation impact

In LTE, HARQ control timings for TDD are specified with extensive tables and rule texts in [4].  For the study of the interband TDD CA support, it is proposed to minimize specification impact (which translates into implementation impact) as much as possible. For instance, it is preferable that no new HARQ control timing table is introduced. In particular, new timing tables/rules defined for specific combination of configurations should be avoided, since such kind of new specifications and complexity could easily multiply geometrically. Rel-10 CA behaviors should also be retained as much as possible. For instance, PUCCH should continue to be carried on the Pcell for the benefits discussed during Rel-10 standardization. PHICH should be carried on the cell that carried the UL grant(s) for simplicity and consistency from Rel-10 implementation. The UE should send or receive HARQ A/N information for concurrent subframes across different CCs in the same subframe.

Proposal 2 The following principles are adopted in RAN1 investigation to minimize specification and implementation impact:
· No new HARQ control timing table is introduced.

· PUCCH is carried on the Pcell. 

· PHICH is carried on the cell that carried the UL grant(s). 

· A UE sends or receives HARQ A/N information for concurrent subframes across different CCs in the same subframe. 
2.3. Support of half-duplex UEs 

For subframes with conflicting directions, a half-duplex UE can only perform either transmission or reception but not both. Rel-8 principles for FDD half-duplex UE operations can be reused here. If the NW is to schedule the UE to transmit in UL subframe(s), such grants are sent in advance so the UE is fully prepared to perform the transmission. If a UE has not been instructed to perform UL transmission on any CC during a conflicting subframe, the UE should monitor CC(s) that can carry PDCCHs to see whether there is DL transmission from the NW.

Proposal 3 Reuse Rel-8 FDD half-duplex operation principles for support of half-duplex UE operations in interband CA with different UL-DL configurations.
The following two goals should be strived in the design of HARQ control communications in the interband TDD CA with different UL-DL configurations:

· CC load balancing

The tendency to force a particular aggregated cell to be the Pcell because of its particular UL-DL configuration should be suppressed. The design should make it possible for any of the aggregated cells to fulfill the Pcell capacity at least in terms of HARQ control communications. For instance, if HARQ control information in sent and received during subframes with consistent directions across all CCs, then any of the aggregated CCs can serve as the Pcell.

· Dynamic UL-DL direction prioritization for subframes with conflicting directions

If mandatory transmission and reception (such as A/N information) is avoided for subframes with conflicting directions, the NW scheduler is left with full opportunity to dynamically prioritize the UL-DL directions. This is beneficial toward responsive utilization of the radio resources adaptive to UE application needs and system loads.
Proposal 4 The design of HARQ control communication should support CC load balancing and dynamic UL-DL prioritization of subframes with conflicting directions for better system performance and user experience.
2.4. Cross-carrier scheduling
Cross-carrier scheduling is introduced in Rel-10 CA so that an Scell can be scheduled from the Pcell or another Scell. Consider the TDD aggregation scenario shown in Figure 1 and suppose the configuration 1 cell is the Pcell. If cross-carrier scheduling is configured, it becomes clear that subframe #3 in Scell, which is a DL subframe, cannot be scheduled from the Pcell subframe #3, which is an UL subframe. Note that this scheduling blocking difficulty arises regardless whether the UE is capable of full- or half-duplex operations.

On the other hand, without cross-carrier scheduling, the UL subframe #3 in Pcell and the DL subframe #3 in the Scell are both available to be selected by the NW scheduler per Proposal 3 in the above for half-duplex UEs. A full-duplex UE can monitor the PDCCH in Scell while transmitting in the Pcell.

In summary, we observed that support of cross-carrier scheduling between TDD cells with different UL-DL configurations may prove to be a complicated matter with unclear benefits.

Proposal 5 Cross-carrier scheduling between TDD cells with different UL-DL configurations is not supported in Rel-11.
3. Conclusions

Based on the discussion for effective support of interband TDD CA with different UL-DL configurations, it is proposed that

· Provide UL-DL configuration information of the aggregated Scell(s) to the UE.

· The following principles are adopted in RAN1 investigation to minimize specification and implementation impact:

· No new HARQ control timing table is introduced.

· PUCCH is carried on the Pcell. 
· PHICH is carried on the cell that carried the UL grant(s). 
· A UE sends or receives HARQ A/N information for concurrent subframes across different CCs in the same subframe. 

· Reuse Rel-8 FDD half-duplex operation principles for support of half-duplex UE operations in interband CA with different UL-DL configurations.

· The design of HARQ control communication should support CC load balancing and dynamic UL-DL prioritization of subframes with conflicting directions for better system performance and user experience.
· Cross-carrier scheduling between TDD cells with different UL-DL configurations is not supported in Rel-11.
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