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1. Introduction

In Rel-8/9/10, the DL assignment and PDSCH are in the same TTI. This grant timing principle applies to self-scheduling within a cell as well as to cross-carrier scheduling between cells. For Rel-11 support of interband TDD CA with different UL-DL configurations on different bands, it was agreed at RAN1 #68 to retaining Rel-8 PDSCH assignment timing [1]:

Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:
· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n. 

At RAN1 #69, a working assumption was reached [3]:

· working assumption is Cross-subframe scheduling is not supported in Rel-11
The PDSCH HARQ timings in case of cross-carrier scheduling are classified into three categories:

· Case A: where scheduled SCell downlink subframes are a subset of PCell

· Case B: where scheduled SCell downlink subframes are a superset of PCell

· Case C: where scheduled SCell downlink subframes are neither a superset nor a subset of PCell

For Case A, the SCell PDSCH HARQ timing reference configuration has been decided to be SIB1 UL-DL configuration of the PCell. For Case B and Case C, there are two alternative proposals each under discussion [3].

In this contribution, we first provide benefits/costs tradeoff analysis to support confirmation of the working assumption to retain Rel-8 DL scheduling timing. We then provide detailed complexity analysis on the SCell PDSCH HARQ timing proposals for Case B and Case C to arrive at a proposed way forward.

2. PDSCH cross-carrier scheduling timings

In Rel-8/9/10, the DL assignment and PDSCH are in the same TTI. This grant timing principle applies to self-scheduling within a cell as well as to cross-carrier scheduling between cells. For Rel-11 support of interband TDD CA with different UL-DL configurations on different bands, it was agreed at RAN1 #68 to retaining Rel-8 PDSCH assignment timing [1]:

Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:
· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n. 

The operations of the agreed cross-carrier scheduling solution are illustrated in Figure 1. If the scheduling cell has more DL subframes than the scheduled SCell (such as the example shown Figure 1 (a)), all DL subframes in the aggregated cells can be scheduled. If the scheduling cell has less DL subframes than the scheduled SCell (such as the example shown Figure 1 (b)), some DL subframes in the scheduled SCell may not be schedulable. This may result in small loss of DL throughput for the specific UE with such configurations. However, it should be pointed out that there is no loss in system throughput since these subframes can be utilized by other UEs. 
Observation: System throughput performance is not impacted by retaining Rel-8 PDSCH assignment timing in the support of interband TDD CA with different UL-DL configurations on different bands.
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(a) when Configuration #2 cell is the scheduling cell

(b) when Configuration #1 cell is the scheduling cell
Figure 1 Agreed Rel-11 Cross-carrier PDSCH grant timings for interband TDD aggregation of configurations #1 and #2. 

Regarding alternative DL cross-carrier  scheduling timing, it was agreed at RAN1 #69 that [3]: 

· working assumption is Cross-subframe scheduling is not supported in Rel-11
While DL cross-carrier cross-subframe scheduling can allow more subframes to be scheduled for a particular UE with such configuration, the cost to the system is substantial. Since the UEs with such cross-subframe scheduling configurations need to be scheduled at different time(s) than UEs not configured as such, the effectiveness and workings of eNB scheduler implementation, service prioritization policies and frequency- and spatial-domain beamforming scheduling and coordination are severely impacted [4]
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[8]. These factors can lead to losses in overall system throughput. Furthermore, the DL cross-subframe grant timings are dependent of specific composition of the aggregated cells. In many cases, the required cross-subframe grant timings may constrain the DL scheduling capacity (e.g., making four DL and two UL subframe scheduling simultaneously [8]). Incorporating all such aggregation case specific designs of PDSCH cross-subframe cross-scheduling timings will increase the complexity of the core specifications and hardware/software implementation without clear favorable tradeoff.

Therefore, based on benefits vs complexity tradeoff analysis, we propose to

Proposal: Confirm the working assumption that DL cross-subframe scheduling is not supported in Rel-11.

3. SCell PDSCH HARQ timing
The PDSCH HARQ timings in case of cross-carrier scheduling are classified into three categories:

· Case A: where scheduled SCell downlink subframes are a subset of PCell

· Case B: where scheduled SCell downlink subframes are a superset of PCell

· Case C: where scheduled SCell downlink subframes are neither a superset nor a subset of PCell

For Case A, the SCell PDSCH HARQ timing reference configuration has been decided to be SIB1 UL-DL configuration of the PCell. For Case B, there are two alternatives under discussion:

· Alt B-1: Follow the PCell timing
· Alt B-2: Follow the SCell timing 
For Case C, there are two alternatives under discussion:

· Alt C-1: Follow the PCell timing
· Alt C-2: Follow a PDSCH HARQ timing reference configuration different than either serving cells
Since DL cross-carrier cross-subframe scheduling is not supported in Rel-11, we observe that 

Observation: The total number of schedulable DL subframes in the SCell for a UE is not affected by the HARQ-ACK report timing solutions.
In Rel-10, a UE determines the DL subframes n−k, where k∈K, to report ACK/NACK for subframe n based the DL association set index K defined by the SIB1 UL-DL configuration of the serving cells. In Rel-11, the SCell DL association set index K is determined by the SCell PDSCH HARQ reference configuration. This is illustrated in Figure 3 (b) for the case of Alt C-1 proposal. 

Observation: For all combinations in cross-carrier scheduling Case C, the same HARQ-ACK timing calculation procedure for the self-scheduling cases can be reused if Alt C-1 timing proposal is adopted.
In Figure 2 (a), the PCell PDSCH HARQ timing is applied to the SCell according to Alt B-1 proposal. As a result, it can be found that the DL association sets of the PCell and SCell are identical. Furthermore, a complete tabulation of all dual-cell cases provided in a companion contribution [11] shows this true for all combinations in Case B.

Observation: For all combinations in Case B, Rel-10 HARQ-ACK feedback procedure can be applied directly without modification if Alt B-1 timing proposal is adopted.
An example of the Alt B-2 solution is illustrated in Figure 2 (b). For UL subframe #2 or #7, the PDSCH HARQ timing of the configuration #2 SCell is applied in the SCell with K = {8, 7, 4, 6}. However, since n−8 is an UL subframe in the PCell, the DL subframe in the SCell cannot be scheduled. Similarly, as the example for Alt C-2 illustrated in Figure 3 (b), for UL subframe #2, the PDSCH HARQ timing reference configuration #4 is applied in the configuration #1 SCell with K = {12, 8, 7, 11}. However, since n−8 is an UL subframe in the PCell, the DL subframe in the SCell cannot be scheduled. Therefore, 

Observation: The following checking rule shall be introduced to make Alt B-2 and Alt C-2 feasible:

· A DL subframe n−k in the SCell shall be excluded from the DL association set K if subframe n−k is an UL in the PCell.
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(a) Timing based on Alt B-1 proposal
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(b) Timing based on Alt B-2 proposal

Figure 2 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 PCell and configuration #2 SCells.
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(a) Timing based on Alt C-1 proposal
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(b) Timing based on Alt C-2 proposal
Figure 3 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #3 PCell and configuration #1 SCells.

In a companion contribution [11], we provided an exhaustive analysis on the complexity of HARQ-ACK feedback procedures via PUCCH Format 1b channel selection. It was found that:

· For Case B, Rel-10 PUCCH format 1b channel selection procedures can be applied directly without modification to all combinations in Case B if Alt B-1 timing proposal is adopted.
· For Case C, all possible combinations in Case C can be supported with a simple modification [9]
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[10] of the Rel-10 HARQ-ACK PUCCH feedback procedure if Alt C-1 timing proposal is adopted.

· For Alt B-2 and Alt C-2 to work, additional checking rule on the DL subframe association set needs to be incorporated on top of the HARQ-ACK feedback proposal in [9].

Observation: Alt B-1 and Alt C-1 requires lower HARQ-ACK feedback signaling complexity than Alt B-2 and Alt C-2.
4. Conclusion

Based on detailed benefits vs complexity tradeoff analysis, we observe that

· System throughput performance is not impacted by retaining Rel-8 PDSCH assignment timing in the support of interband TDD CA with different UL-DL configurations on different bands.

· The total number of schedulable DL subframes in the SCell for a UE is not affected by the HARQ-ACK report timing solutions.

· Alt B-1 and Alt C-1 requires lower HARQ-ACK feedback signaling complexity than Alt B-2 and Alt C-2.

Therefore, we propose:

· Confirm the working assumption that DL cross-subframe scheduling is not supported in Rel-11.

· For DL cross-carrier scheduling Case B, where scheduled SCell downlink subframes are a superset of PCell, the SCell PDSCH HARQ timing shall follow the SIB1 UL-DL configuration of the PCell.
· For DL cross-carrier scheduling Case C, where scheduled SCell downlink subframes are neither a superset nor a subset of PCell, the SCell PDSCH HARQ timing shall follow the SIB1 UL-DL configuration of the PCell.
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