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1. Introduction

In WG1 meeting #67 [1], substantial progress was made toward the support of interband TDD CA with different UL-DL configurations on different bands. Agreements were taken within the area of where PUCCH is located, PHICH linkage, number of CCs to design for, HARQ timing principles and that the design should support both half and full duplex. It was also concluded that that we should strive for common solution when it comes to half and full duplex. In addition some more specific decisions were taken when it comes to support for cross-carrier scheduling.

In this contribution, we discuss the more general agreements that are needed for a basic working solution for interband TDD CA with different UL-DL configurations. From the list of conclusions in the last RAN1 meeting [1], we observe that there are two remaining topics that need to be discussed for a basic working solution: the PDSCH HARQ reference timing and how to handle half-duplex UEs. In this contribution we discuss these two aspects.
2. PDSCH HARQ Timing Reference Configuration X

When the Pcell is configured to contain more DL subframes than the Scell, a simple solution to PDSCH HARQ feedback timing issues is requiring the UE to change the Scell HARQ timing to follow that of the Pcell. The operation is illustrated for aggregation example of a configuration #2 Pcell and a configuration #1 Scell in Figure 1(a). This principle can be generalized to support the cases when the Pcell has less DL subframes than the Scell [2]: 

· UE is configured with a PDSCH HARQ timing reference configuration number X via RRC signaling. 

The UE shall then use the reference configuration number to determine the PDSCH HARQ timing across all cells. The HARQ feedback is transmitted on the Pcell PUCCH. With this design, the HARQ timing rules from Rel-10 are reused. UE is simply instructed to follow a specific Rel-10 timing rule entry based on the PDSCH HARQ timing reference configuration number.

The PDSCH HARQ timing reference configuration number can be set such that the PDSCH A/N feedback is transmitted on the Pcell during UL subframes without conflicting UL-DL directions across all aggregated cells. For the aggregation example of configuration #1 and configuration #2 cells, the PDSCH HARQ timing reference configuration number can be set to #2. The resulting behavior for the UE is illustrated in Figure 1. 

Example 1 Interband CA of configuration 1 and configuration #2 cells    For this CA scenario, the PDSCH HARQ timing reference configuration number X can be set to #2. 

[image: image1.png]Configuraton #2





(a) Configuration #2 cell is Pcell
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(b) Configuration #1 cell is Pcell
Figure 1 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #2 cells. The UE has been configured with a PDSCH HARQ timing reference configuration number X=2.
One advantage of transmitting PDSCH A/N feedback during nonconflicting UL subframes is that PDCCH and PHICH transmission will not be constrained by PDSCH A/N feedback. DL and UL scheduling flexibility is retained. Furthermore, any of aggregated cells can serve as the Pcell, which makes load balancing between/among component carriers easier. The solution is possible to extend very simply up to five carriers as further discussed in the Appendix. In the appendix it is show that a PDSCH HARQ timing reference configuration number can always be set for any number and combination of aggregated UL-DL configurations. There is hence no need of treating any combination or number of UL-DL configurations specially or specifically. This generality can reduce core specification impact substantially.

The PDSCH HARQ-ACK bits can be carried by either PUCCH format 1b with channel selection or PUCCH format 3. The PUCCH resources may be semi-statically configured or implicitly selected from the dynamic resource pool. When the PDSCH HARQ timing reference configuration number X is identical to the UL-DL configuration number of the Pcell, the Rel-10 procedures can be directly reused. When the configuration number X is different than the UL-DL configuration number of the Pcell, additional care should be taken to avoid PUCCH resource collision. Such handling might involve configuring UE to use dynamic resources for certain PDSCH timings and semi-static resources for others. Alternatively, the interband CA UEs may be configured with different PUCCH starting index. Further study on a unified solution framework considering the DL HARQ timing reference configuration solution with self-scheduling and the extended solutions with cross-carrier scheduled is needed.
3. Scheduling Solution and DL Control Monitoring Behaviors of Half-Duplex UEs

A UE not capable of simultaneous transmission in one band and reception in another band can be supported with scheduling solutions with minimal impact to the core specifications. The dynamic scheduling approach allows flexible usage of UL/DL directions in conflicting subframes and affords high throughput benefits to even these half-duplex UEs.

If the network 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 had not been instructed to perform UL transmission on any cell during a conflicting subframe, the UE shall monitor cell(s) that can carry PDCCH and PHICH for possible scheduling information. If PHICH is to be transmitted during a conflicting subframe, the network can refrain from scheduling a PUSCH transmission for the same subframe.

4. Conclusion

Based on the analysis in this contribution, we propose to agree on the following two items to allow for a working solution to the support of interband TDD CA with different UL-DL configurations on different bands:
· A UE in interband TDD CA with different UL-DL configurations on different bands is configured via higher-layer signaling with a PDSCH HARQ timing reference configuration number X to determine the PDSCH HARQ timing across all aggregated cells.
· Half-duplex UE behavior specification: in a subframe with conflicting UL-DL directions on different aggregated cells, a half-duplex UE in Active Time (none DRX) shall monitor DL scheduling if it has not been instructed to perform UL transmission on any cell.

With these, full- and half-duplex UEs can both be supported via scheduling solutions with minimal impact to the core specifications.
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6. Appendix – Setting of PDSCH HARQ Timing Reference Configuration X

The seven UL-DL configurations available in Rel-10 can be arranged to more clearly illustrating their mutual compatibility. An example of such a subframe compatibility hierarchy is shown in Figure 2. Reading from this illustration, it can be seen that the DL subframes of a configuration that can be connected from a second configuration with downward arrows form a superset of the DL subframes of the second configuration. Therefore,

· For a given set of aggregated UL-DL configurations, the PDSCH HARQ timing reference configuration number X can be set to a configuration that can be connected from all the aggregated configurations with downward arrows in the subframe compatibility hierarchy.

For the example of aggregating configurations #1 and #2 cells discussed in Section 2, the PDSCH HARQ timing reference configuration number can be set to 2 (or 5). 
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Figure 2 Subframe compatibility hierarchy.

It can be further observed that a PDSCH HARQ timing reference configuration number can always be set for any number and combination of aggregated UL-DL configurations. Therefore, there is no need of treating any combination or number of UL-DL configurations specially or specifically. This generality can reduce core specification impact substantially.

Example 2 Interband CA of configuration #1 and configuration #3 cells    For this CA scenario, the PDSCH HARQ timing reference configuration number X can be set to 4. 
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(a) Configuration #1 cell is Pcell
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(b) Configuration #3 cell is Pcell
Figure 3 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #3 cells. The UE has been configured with a PDSCH HARQ timing reference configuration number X=4.

Example 3 Interband CA of configuration #0, configuration #1 and configuration #3 cells    For this CA scenario, the PDSCH HARQ timing reference configuration number X can be set to 1. 
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Figure 4 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #0, configuration #1 and configuration #3 cells. The UE has been configured with a PDSCH HARQ timing reference configuration number X=1.

Example 4 Interband CA of cells with five different configurations    For CA scenario involving configuration #0, #1, #3, #4 and #6 cells, , the PDSCH HARQ timing reference configuration number X can be set to 4..
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Figure 5 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #0, #1, #3, #4 and #6 cells. The UE has been configured with a PDSCH HARQ timing reference configuration number X=4.
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