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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. 

· FFS support of other type of cross-carrier scheduling in Rel-11.
The PDSCH HARQ timings in case of cross-carrier scheduling were agreed at RAN1 #68 and RAN1 #68bis [2] that

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

· PDSCH cross-carrier scheduling is supported and the SCell PDSCH HARQ timing shall follow PCell SIB1 configuration.

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

· PDSCH cross-carrier scheduling is supported. Continue discussion of two alternatives for SCell PDSCH HARQ timing and revisit the cross-subframe scheduling discussion.

· Alt 1: Follow PCell timing

· Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed.

· Alt 2: Follow SCell timing

· Benefit: able to use all DL subframes in SCell.

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

· Working assuming is PDSCH cross-carrier scheduling is supported. Can be revisit if any problem occurs until RAN1#69.
In this contribution, we provide benefits/costs tradeoff analysis on whether PDSCH cross-carrier cross-subframe assignment timing should be introduced. We further discuss the SCell PDSCH HARQ timing issues.

2. PDSCH cross-carrier scheduling timings

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 1 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. 

To reach all DL subframes in the scheduled SCell(s), it has been suggested to introduce new PDSCH cross-subframe cross-scheduling timings such as those illustrated in Figure 2 [3]. While this can bring benefits to the specific 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]

 REF _Ref315683980 \r \h 
[5]

 REF _Ref315684096 \r \h 
[6]

 REF _Ref315684668 \r \h 
[7]. These factors can lead to losses in overall system throughput.

The DL cross-subframe grant timings are dependent of specific composition of the aggregated cells. For instance, the required cross-subframe grant timings are substantially different when configuration #1 and #2 cells are aggregated (illustrated in Figure 2) than when configuration #1 and #3 cells are aggregated (illustrated in Figure 3). Furthermore, setting the cross-subframe grant timings based on closest available DL subframes from the Pcell may not result in appropriate system design. For instance, in the case illustrated in Figure 3(b), the eNB scheduler needs to make scheduling decisions for four DL (and two UL) subframes simultaneously, which is a substantially higher load demand than LTE design norm. It may hence be more appropriate to use the cross-subframe grant timings shown in Figure 3(c). 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, we propose

Proposal 1 No new PDSCH cross-carrier scheduling assignment timing is introduced.
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Figure 2 Additional cross-carrier PDSCH grant timings for interband TDD aggregation of configurations #1 and #2 cells when Configuration #1 cell is Pcell. 
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(a) when Configuration #3 cell is scheduling cell
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(b) example 1 when Conf #1 cell is scheduling cell

(c) example 2 when Conf #1 cell is scheduling cell
Figure 3 Additional cross-carrier PDSCH grant timings for interband TDD aggregation of configurations #1 and #3 cells. 

3. PDSCH HARQ timing in case of cross-carrier scheduling

The PDSCH HARQ timings in case of cross-carrier scheduling need to be defined for Case B where scheduled SCell downlink subframes are a superset of PCell. It will be advantageous that the SCell PDSCH HARQ timing follows the PCell timing. The benefits is that Rel-10 design for A/N transmission can be reused to reduce additional specification efforts.
4. Conclusion

In this contribution, we provide benefits/costs tradeoff analysis on whether additional PDSCH cross-carrier assignment timing should be introduced. We observed that 

Observation 1 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.

Furthermore, substantial system complexity and negative impacts to scheduling and coordination can be expected if cross-subframe scheduling is introduced in the support of interband TDD CA with different UL-DL configurations on different bands. Therefore, we propose
Proposal 1 No new PDSCH cross-carrier scheduling assignment timing is introduced.
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