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1
Introduction
At the RAN1 66bis meeting it was agreed to support the inter-band carrier aggregation of TDD component carriers (CCs) with different configurations in Rel-11. In this document we address the control aspects for carrier aggregation of TDD CCs with different UL-DL subframe configurations. 
2
Discussion
2.1
 Cross-carrier Control

Cross-carrier control was adopted in Rel-10 as an important tool for providing inter-cell interference coordination for control channels. The lack of cross-carrier control would pose a serious restriction for the case of heterogeneous network deployments. While aggregation of carriers with different TDD UL-DL subframe configurations offers desirable flexibility in operation for Rel-11, not providing the cross-carrier control for this type of aggregation would imply step down from the Rel-10 functionality.
The cross-carrier scheduling was discussed in [2], and the following was observed:

· If scheduling CC is DL heavy (it has more DL subframes with respect to the CC it cross-schedules), UL/DL scheduling is not impacted. The control timeline of PDCCH and utilization of specific DCI formats can follow the rules of the scheduled SCC configuration. Hence, the scheduling of the UEs by the cross-carrier scheduling and the same carrier scheduling on the SCC is time aligned

· If scheduling CC is UL heavy (it has more UL subframes with respect to the CC it cross-schedules)
· DL scheduling is impacted due to the lack of DL subframes to schedule transmissions on the other CC. Enabling a cross-subframe scheduling, where more than one DL subframe can be cross-carrier scheduled at a given subframe, could provide a solution
· UL scheduling of the cross-scheduled CC can follow the timeline defined for the UL-DL subframe configuration of the scheduling CC (due to the lack of DL subframes to follow the cross-scheduled CC timeline; the UL subframes of the scheduling CC are the superset of the UL subframes of the cross-scheduled CC, and hence all cross-scheduled CC subframes are captured by the timeline)

· No new timeline with respect to Rel-8 is introduced by taking the approach where UL scheduling of the cross-scheduled CC follows the timeline of the scheduling CC configuration.  
Based on the above discussion, we conclude that the additional requirements to support the cross-carrier control do not introduce significant specification or complexity impact, and at the same time provide for an important feature also supported by Rel-10. 
2.2
ACK/NACK on PHICH

In Rel-10, the PHICH carrying ACK/NACK feedback for PUSCH transmission is transmitted on the same CC where PDCCH carrying the corresponding UL grant is transmitted. The reason for such decision was to utilize the same CC control region for both control cannels, assuming that the control region reliability is sufficient. Decoupling the PDCCH and PHICH can have issues in heterogeneous network deployments. In such deployments, the control region of some SCells could be unreliable due to inter-cell interference, so cross-scheduling from another CC (with reliable control region) and transmission of PHICH on the SCell control region would result in performance degradation. Therefore, we believe the Rel-10 principle of transmitting PHICH and the corresponding PDCCH should be preserved for Rel-11. Having that in mind, additional considerations for PHICH transmission, specific to aggregation of TDD CCs of different UL-DL subframe configurations, need to be further discussed. 
The control feedback on PHICH can be transmitted only on subframes with non-zero PHICH resources, as defined by the scheduling CC UL-DL subframe configuration. When cross-carrier control is configured, lack of DL subframes to carry PHICH (in the case of either UL heavy scheduling CC or zero-PHICH DL subframes) can be solved by defining a new PHICH timeline for some cases or relying on PHICH-less operation for those subframes. For UL heavy scheduling CC, if the UL scheduling for all CCs follows the timeline of the scheduling CC (as discussed above), it is a natural solution to have the PHICH of the cross-scheduled CC also follow the timeline defined for the scheduling CC configuration.

Hence, the existing (Rel-10) DL and UL HARQ timeline can be utilized for aggregation of CCs with different TDD UL-DL subframe configurations. In case of cross-carrier control from the UL heavy CC, the cross-scheduled CC would follow the scheduling and ACK/NACK timelines of the scheduling CC. For cross-scheduling from DL heavy CC, zero-PHICH DL subframes would not be utilized for PHICH due to legacy support, and operation on some subframes would rely on PHICH-less operation.  

2.3
ACK/NACK on PUCCH
In Rel-10 carrier aggregation, the UE UL control is conveyed on PUCCH or in some cases on PUSCH. PUCCH is transmitted on the primary CC (PCC).

In cases where PCC carrying the PUCCH is UL heavy with respect to other CCs (i.e. PCC has the UL-DL configuration such that the number of UL subframes in a radio fame is larger than the number of UL subframes of any other UL-DL configuration of the SCCs), generally there is no problem since the UL control for SCCs can be conveyed on the applicable UL subframes on PCC according to the SCC timeline. 
In the case where PCC is DL heavy with respect to other CCs (i.e. there are aggregated SCCs of configurations with more UL subframes), PUCCH transmission needed for SCCs can not be accommodated on all subframes due to the lack of UL subfrmes on PCC. Hence, in order to avoid wasted resources and peak data rate loss, solutions addressing the control feedback on UL need to be considered. 
Solution 1

One possible approach is that the HARQ control timeline followed for SCC is as defined in Rel-8/9, but with respect to the PCC, not the SCC for which the control is intended. Since PCC has the HARQ feedback provisioned for larger number of DL subframes than needed for SCC, the HARQ feedback for applicable DL subframes (as defined by SCC UL-DL configuration) will be included. The smaller number of PCC UL subframes carrying the HARQ feedback imply larger HARQ delays than provisioned by the single carrier operation for an SCC UL-DL configuration. An example is given in Figure 1, where PCC subframes 2 and 7 carry the PUCCH, and subframe 2 includes feedback for SCC subframes 4, 5, 6 only. CSI configuration would be based on the sets supported by UL-DL configuration of the PCC.
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Figure 1
HARQ feedback for SCC following PCC timeline
Observations for solution 1:

· Existing HARQ timeline is utilized (SCC follows the PCC timeline)
· Peak data rate is preserved

· PUCCH is transmitted on PCC only 

· Supports the cases with a single UL CC.
Solution 2

A solution applicable to DL heavy PCC is that UL control for a UE is transmitted on PUCCH from more than one CC.  HARQ feedback timeline of the SCC can be preserved by having one or more PUCCHs per subframe on different CCs: 
· Multiple PUCCHs in a subframe with UL control on PUCCH transmitted on the CC that corresponds to the DL CC where PDSCH transmission occurs. This approach does not provide a solution for asymmetric aggregations where the number of DL CCs is larger than the number of UL CCs
· One PUCCH per subframe on different CCs (switching between CCs) used for PUCCH transmission. The approach includes a subframe dependent UL PUCCH CC based on the CCs in CA and a RRC configuration. In a given subframe, if only one CC has an UL subframe, it is the CC which carries the PUCCH. If two or more CCs have UL subframes, the RRC configuration determines the CC which carries the PUCCH. For example, PUCCH can be transmitted on the PCC, and only supplemented with PUCCH transmission on another UL CC on subframes where PCC has the DL and the other CC has the UL subframe. For some asymmetric aggregations where number of DL CCs is larger than the number of UL CCs, and uplink heaviest CC has only DL part included in the aggregation, this approach does not provide full solution. Additionally, this approach requires a semi-static switch of UL PUCCH transmissions on different CCs.
Observations for solution 2:

· Existing HARQ timeline is utilized (SCC follows its own timeline)
· Peak data rate is preserved

· PUCCH could come on more than one CC 

· Not a complete solution for UL control in a single UL CC case, and in general some asymmetric aggregation cases where the number of DL CCs is larger than the number of UL CCs.
2.4
Aggregation Options


One major difficulty in aggregating CCs of different TDD UL-DL configurations is that there may be different number of UL and DL subframes and that they may be placed on different subframe positions within a radio frame, posing the control timing issues. 

Aggregations of CCs with certain UL-DL configurations are especially challenging. These include cases where one or more CCs are very asymmetric in the number of UL and DL subframes (e.g. aggregation of configurations 5 and 1), as well ase configurations where on some subframes, one CC has UL and the other one has DL, and on other subframes it is the other way around (configurations (1, 3), (2, 3), (2, 4)), as highlighted in Table 1.
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Table 1  TDD UL-DL configurations
To address the PUCCH issues due to non-overlapping UL subframes of PCell and SCell, as well as cross-carrier scheduling due to non-overlapping DL subframes of PCell and SCell, special consideration and rules would have to be defined for those cases. Note that schemes considered above for the cases of DL heavy or UL heavy CC assume that one CC has a configuration that has larger number of DL and UL subframes, respectively, compared to other CC(s), as well as uniform subframe discrepancy. The uniform subframe discrepancy refers to having DL heavy CC overlapping the subset of its DL subframes with all DL subframes of the other CC, while all UL subframes of the DL heavy CC are overlapped with the subset of UL subframes of the other CC. Similarly, for UL heavy CC, the subset of its UL subframes is overlapped with all UL subframes of the other CC, while all DL subframes of the UL heavy CC are overlapped with the subset of DL subframes of the other CC. This property allows for implementation of techniques that can preserve HARQ timeline as defined in Rel-10 and full utilization of resources, as it was shown in the earlier sections.

Since the number of challenging aggregations is limited, and special rules would have to be defined for them, we believe that disabling those aggregation cases would not impact the system flexibility and would simplify specification and implementation efforts.

3
Conclusions 

In this document we addressed the control aspects for carrier aggregation of TDD CCs with different UL-DL subframe configurations. 
Based on the discussion, we propose the following:
· Support cross-carrier control 
· PHICH is transmitted on the same CC as the corresponding PDCCH
· No new H-ARQ timeline in Rel-11 compared with the existing set of Rel-10 H-ARQ timelines
· In some cases, the H-ARQ timeline of a CC of one UL-DL subframe configuration shall follow the H-ARQ timeline of another CC of a different UL-DL subframe configuration

· Support transmission of PUCCH only on one CC
· Support PUCCH on PCC only; the H-ARQ timeline of a scheduled SCC shall follow the H-ARQ timeline of PCC when necessary

· PUCCH on SCC (parallel with PUCCH on PCC, or semi-statically switched from PUCCH on PCC based on UL availability) is FFS
· Support some restrictions on which combinations of UL-DL configurations can be aggregated
· E.g., the combinations of DL/UL configurations (1, 3), (2, 3), and (2, 4) are not supported in Rel-11
4
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