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1 Introduction

In RAN1 #68, the following working assumptions from RAN1#67 were confirmed as agreement:
· For PUCCH transmission, PUCCH on PCell-only.

·  No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· FFS if exception is needed for the case of aggregating the 10ms RTT and other RTTs for cross-scheduling in uplink.
· FFS on the application of HARQ-ACK timing of one TDD UL-DL configuration to a SCell with a different TDD UL-DL configuration.
· 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
Further, the following agreements were made in RAN1#68:
· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
In this contribution, we provide our views on the candidate methods for the cases that the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration. 
2 PDSCH HARQ timing 
The current agreement on PDSCH HARQ timing on SCell is for the case that SCell DL subframes are a subset of PCell. In this regard, it might be clearer to categorize the remaining combinations of TDD configuration to the following 2 cases, i.e.

· Case 1: SCell DL subframes are a superset of PCell;

· Case 2: SCell DL subframes are neither a superset nor a subset of PCell
We are currently considering 2 alternatives on the PDSCH HARQ timing design for above remaining combinations. 
2.1 Alternative 1: Maximizing commonality with PCell  

Due to different TDD UL-DL configuration between Pcell and Scell, in the timing of a SCell DL subframe, PCell can be either a DL subframe or an UL subframe, which are referred as “D-D” and “U-D” respectively. 
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Figure 1: PDSCH HARQ timing for “D-D” subframe
As proposed in [1], the direct solution is to follow the PDSCH HARQ timing of PCell for “D-D” SCell subframes, which is actually same as Rel-10. An example is provided in Figure 1. While for the “U-D” subframe, the above mentioned 2 cases of combination are discussed separately below. 
Case 1: SCell DL subframes are a superset of PCell
In this case, the timing of UL HARQ-ACK following SCell timing is always coincided with a PCell UL subframe, hence “U-D” SCell DL subframes could follow SCell timing itself. An example is shown in Figure 2. This method means UL HARQ-ACK timing for SCell DL subframes are obtained from 2 existed TDD configuration, i.e. PCell configuration for “D-D” subframes and SCell configuration for “U-D” subframes. Another possibility is not to support PDSCH transmission on SCell in “U-D” subframes, so that only PDSCH HARQ timing of PCell configuration is used. 
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Figure 2: PDSCH HARQ timing for “U-D” subframe
Case 2: SCell DL subframes are neither a superset nor a subset of PCell
This case is a little complicated than Case 1. At the corresponding UL HARQ-ACK timing of the TDD UL-DL configuration of SCell, PCell can be a DL subframe. That is, both PCell timing and SCell timing cannot be used for such “U-D” subframes. Reusing PDSCH HARQ timing of another existed configuration except for PCell and SCell configuration could be considered. As shown in Figure 3, the optimized timing reference is the TDD configuration whose UL subframes are the intersection of the PCell UL subframes and SCell UL subframes. Similar to Case 1, PDSCH HARQ timing for SCell DL subframes are also obtained from 2 existed TDD configuration, i.e. PCell configuration for “D-D” subframes and a reference configuration for “U-D” subframes. If PDSCH transmissions in “U-D” SCell subframes are not supported, PDSCH HARQ timing of only one configuration i.e. PCell configuration is used. 
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Figure 3: PDSCH HARQ timing for “U-D” subframe
The main advantage of this alternative is to keep compatibility with Rel-10, i.e. regardless of PCell and SCell, the UL HARQ-ACK will be reported at the same timing for the PDSCH transmitted at the same subframe. The support of PDSCH transmission on both “D-D” and “U-D” SCell subframes are beneficial in terms of peak data rate, while it is much simpler if PDSCH transmission on “U-D” SCell subframes are not supported in CA scenario with different TDD configurations. 
2.2 Alternative 2: Reuse timing of an existed TDD configuration 
In alternative 2, we target that HARQ timing for PDSCH transmission on all SCell subframes are got from a single existed TDD configuration. The above mentioned 2 cases of combination of Pcell and Scell configurations are discussed separately below. 

Case 1: SCell DL subframes are a superset of PCell
In this case, the HARQ timing for PDSCH on all SCell DL subframes could follows SCell timing itself, since the subframe carrying UL HARQ-ACK following SCell timing is always coincided with a PCell UL subframe. An example is provided in Figure 4. 
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Figure 4: PDSCH HARQ timing for Case 1
Case 2: SCell DL subframes are neither a superset nor a subset of PCell
Neither PCell timing nor SCell timing can be used for all SCell DL subframes. HARQ timing of a reference configuration whose UL subframes are the intersection of the PCell UL subframes and SCell UL subframes can be considered. An example is provided in Figure 5.
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Figure 5: PDSCH HARQ timing for Case 2
From Figure 4, the solution for Case 1 is actually a special case of following HARQ timing of a reference configuration, whose UL subframes are the intersection of the PCell UL subframes and SCell UL subframes. Specifically, the reference TDD configuration is SCell configuration in Case 1. 
3 Conclusions
In this contribution, we discussed 2 alternatives to handle the remaining combinations of TDD configurations that the set of SCell DL subframes are not a subset of the PCell DL subframes. Depending on the discussions, the following alternatives are proposed:
Alternative 1:

· The PDSCH HARQ timing on SCell follows PCell configuration if PCell has a DL subframe at the timing of PDSCH transmission on Scell;

· The PDSCH HARQ timing on SCell follows a TDD configuration different from PCell if PCell has a UL subframe at the timing of PDSCH transmission on Scell, or it is restricted from PDSCH scheduling on Scell if PCell has a UL subframe. 
Alternative 2:

· The PDSCH HARQ timing on SCell follows a reference TDD configuration defined in Rel-8, whose UL subframes are the intersection of the PCell UL subframes and SCell UL subframes.
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