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1
Introduction
One of the candidate enhancements included in the LTE carrier aggregation enhancement WID [1] is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. 
The topic has been discussed in several meetings in RAN1. In RAN1#68 meeting some agreements have been made, and there are still some issues marked as FFS. In this contribution, we will provide some updates of our views on how to support inter-band TDD CA with different TDD configuration on different bands, given the outcome of last meeting.

2
PDSCH HARQ-ACK timing
In this section we will discuss the HARQ timing for DL, i.e. in which subframe should HARQ-ACK for PDSCH in subframe n be transmitted. 
Conclusions on PDSCH HARQ-ACK timing from RAN1#68 are listed as below:

· 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 an SCell with a different TDD UL-DL configuration.
· HARQ-ACK timing of PCell PDSCH 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
One open issue is whether PDSCH HARQ-ACK timing of one TDD configuration can be applied to an SCell with a different TDD configuration. In the agreed case (where DL subframes indicated by the SCell SIB1 configuration is a subset of DL subframes indicated by the PCell SIB1 configuration), the PDSCH HARQ-ACK timing of PCell SIB1 configuration is applied to the SCell (with different SIB1 configuration from PCell). This is designed to ensure PDSCH scheduled in every DL subframe on SCell will have associated UL subframe for transmitting HARQ-ACK. Essentially this is already implying that application of PDSCH HARQ-ACK timing of one TDD configuration (noted as reference configuration) to an SCell with a different TDD configuration should be/has been supported.
The other open issue is the PDSCH HARQ-ACK timing for cases where
1) DL subframes indicated by SCell SIB1 configuration is a superset of DL subframes indicated by PCell SIB1 configuration, e.g. configuration#1 as SCell and configuration#0 as PCell, 
2) DL subframes indicated by SCell SIB1 configuration is neither superset nor subset of DL subframes indicated by PCell SIB1 configuration, e.g. configuration#1 as SCell and configuration#3 as PCell.

In case 1 it is straightforward that the reference configuration is SCell own SIB1 configuration (e.g. configuration#1). While in case 2 the reference configuration has to be a third TDD configuration other than PCell and SCell SIB1 configuration, of which DL subframes is a superset of both PCell and SCell SIB1 configuration (e.g. configuration#4).
If reference configuration can be flexibly selected from all existing TDD configurations, all cases can be supported. The reference configuration can then be derived by the UE according to certain rules, or alternatively signalled via higher layer signalling. On the other hand, if reference configuration is restricted to either PCell or SCell SIB1 configuration (a special case of flexible reference configuration), case 2 cannot be supported. Considering the limited standard efforts and implementation complexity, our preference is that reference configuration can be flexibly selected.  
Based on the discussion in this section, we have the following proposal:

Proposal 1: Application of PDSCH HARQ-ACK timing of one TDD configuration (noted as reference configuration) to an SCell with a different TDD configuration should be supported.

· If DL subframes indicated by SCell SIB1 configuration is a superset of DL subframes indicated by PCell SIB1 configuration, SCell SIB1 configuration is selected as the reference configuration.

· If DL subframes indicated by SCell SIB1 configuration is neither superset nor subset of DL subframes indicated by PCell SIB1 configuration, a third TDD configuration other than PCell and SCell SIB1 configuration can be selected as the reference configuration.
3
Cross-carrier scheduling
In this section, we will discuss the support for cross-carrier scheduling in inter-band TDD CA with different TDD configurations on different bands. Scheduling timing for PDSCH, scheduling and HARQ-ACK timing for PUSCH will be discussed, respectively.
General conclusions on cross-carrier scheduling from RAN1#68 are listed as below:

· 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
3.1
PUSCH scheduling and HARQ-ACK timing with UL cross-carrier scheduling
Conclusions on PUSCH scheduling and HARQ-ACK timing with UL cross-carrier scheduling are:

· 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 an SCell with a different TDD UL-DL configuration.

· 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 PUSCH HARQ/scheduling timing on SCell shall
·   follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
·   FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms
· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:
·   At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
·   Other cases are FFS
In the agreed case (where UL subframes indicated by the scheduled cell SIB1 configuration is a subset of UL subframes indicated by the scheduling SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms), the PUSCH scheduling and HARQ-ACK timing of scheduling cell SIB1 configuration is applied to the scheduled cell (with different SIB1 configuration from scheduling cell). This is designed to ensure PUSCH scheduled in every UL subframe on SCell will have associated DL subframe for transmitting UL grant and HARQ-ACK. Essentially this is already implying that application of PUSCH scheduling and HARQ-ACK timing of one TDD configuration (noted as reference configuration) to a scheduled cell with a different TDD configuration should be/has been supported.
The open issue is whether UL cross-carrier scheduling would be supported, and in case of supported, the PUSCH scheduling and HARQ-ACK timing for cases where

1) UL subframes indicated by scheduled cell SIB1 configuration is a superset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, e.g. configuration#1 as scheduled cell and configuration#2 as scheduling cell, 

2) UL subframes indicated by scheduled cell SIB1 configuration is neither superset nor subset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, e.g. configuration#2 as SCell and configuration#4 as PCell,
3) PUSCH RTT of the scheduling cell SIB1 configuration is not 10 ms, e.g. configuration#2 as SCell and configuration#0 as PCell.
For case 1 and case 2, the principle for determining the PDSCH HARQ-ACK timing can be re-used, i.e. the PUSCH scheduling and HARQ-ACK timing of a reference configuration is applied to a scheduled cell, and it is still preferred that the reference configuration can be flexibly selected from existing TDD configurations with 10 ms PUSCH RTT. Specifically, in case 1 scheduled cell SIB1 configuration is selected as reference configuration, while in case 2 a third TDD configuration is selected as reference configuration according to certain rules.
Case 3 is mentioned in [2], and the problem is that there may be no UL resource if the PUSCH scheduling and HARQ-ACK timing of scheduling cell SIB1 configuration is applied to a scheduled cell, if PUSCH RTT of scheduling cell SIB1 configuration is not 10 ms. An example is shown in Figure 1.
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Figure 1: Example of application of PUSCH scheduling and HARQ-ACK timing of scheduling cell SIB1 configuration to scheduled cell, with PUSCH RTT of scheduling cell SIB1 configuration being 11 ms 

For case 3, if UL cross-carrier scheduling is supported new PUSCH scheduling and HARQ-ACK timing would be needed. Considering the fact that avoiding new HARQ-ACK timing beyond what has been defined in Rel-8/9/10 is an agreed design principle, it is preferred that UL cross-carrier scheduling is not supported for case 3 at least in Rel-11 in order to keep standard efforts and specification changes at reasonable level for Rel-11 scope.
3.2
PDSCH scheduling timing with DL cross-carrier scheduling
It is agreed that in DL subframes indicated by both scheduling and scheduled cell SIB1 configuration, DL cross-carrier scheduling is supported. The open issue is whether DL cross-carrier scheduling is supported in subframes when UL is indicated by scheduling cell SIB1 configuration whereas DL is indicated by scheduled cell SIB1 configuration. 
It has been mentioned by many companies [3-9] that multi-subframe could be introduced for DL cross-carrier scheduling, so that all DL subframes on SCell can be cross-carrier schedulable for the UE with inter-band TDD CA, and the UE can enjoy more benefits from CA (DL peak data rate and interference coordination for DL control channels). We share similar view that multi-subframe for DL cross-carrier scheduling is worth some standard efforts considering its benefits, and the detailed design can be decided in the next meetings of Rel-11.   
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Figure 2: Example of multi-subframe scheduling for DL cross-carrier scheduling

Based on the discussion in this section, we have the following proposals:
Proposal 2: In Rel-11, UL cross-carrier scheduling is not supported if PUSCH RTT of scheduling cell SIB1 configuration is not 10 ms.
Proposal 3: Application of PUSCH scheduling and HARQ-ACK timing of one TDD configuration (noted as reference configuration) to a cross-carrier scheduled cell with a different TDD configuration should be supported.

· If UL subframes indicated by scheduled cell SIB1 configuration is a superset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, scheduled cell SIB1 configuration is selected as the reference configuration.

· If UL subframes indicated by scheduled cell SIB1 configuration is neither superset nor subset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, a third TDD configuration other than scheduling cell and scheduled cell SIB1 configuration can be selected as the reference configuration.

Proposal 4: Multi-subframe scheduling could be supported for DL cross-carrier scheduling. Detailed design is FFS.
4
Conclusion
In this paper we provided our general view on supporting inter-band TDD CA with different TDD configurations on different bands, and have the following proposals:
Proposal 1: Application of PDSCH HARQ-ACK timing of one TDD configuration (noted as reference configuration) to an SCell with a different TDD configuration should be supported.

· If DL subframes indicated by SCell SIB1 configuration is a superset of DL subframes indicated by PCell SIB1 configuration, SCell SIB1 configuration is selected as the reference configuration.

· If DL subframes indicated by SCell SIB1 configuration is neither superset nor subset of DL subframes indicated by PCell SIB1 configuration, a third TDD configuration other than PCell and SCell SIB1 configuration can be selected as the reference configuration. 

Proposal 2: In Rel-11, UL cross-carrier scheduling is not supported if PUSCH RTT of scheduling cell SIB1 configuration is not 10 ms.

Proposal 3: Application of PUSCH scheduling and HARQ-ACK timing of one TDD configuration (noted as reference configuration) to a cross-carrier scheduled cell with a different TDD configuration should be supported. 

· If UL subframes indicated by scheduled cell SIB1 configuration is a superset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, scheduled cell SIB1 configuration is selected as the reference configuration.

· If UL subframes indicated by scheduled cell SIB1 configuration is neither superset nor subset of UL subframes indicated by scheduling cell SIB1 configuration and PUSCH RTT of the scheduling cell SIB1 configuration is 10 ms, a third TDD configuration other than scheduling cell and scheduled cell SIB1 configuration can be selected as the reference configuration.

Proposal 4: Multi-subframe scheduling could be supported for DL cross-carrier scheduling. Detailed design is FFS.
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