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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”. 
In RAN1#68bis meeting [2], it was extensively discussed on how to support full duplex UE with inter-band CA with different TDD configurations on different bands. Related collusions are as follows.
On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· 
For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· In case of cross-carrier scheduling
·   Alt 1: Follow P-Cell timing
Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed
·   Alt 2: Follow S-Cell timing
Benefit: able to use all DL subframes in SCell
·   Continue discussion. Revisit after the cross-subframe scheduling discussion. 

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· In case of self scheduling
· 
For full duplex case, the timing table in alternative 1 is agreed.
· In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands
·   Can be revisit if any problems occurs until RAN1#69
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	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
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On PUSCH timing for Case B (UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms)

· For cross-carrier scheduling
· 
Alt 1: Follow the scheduling cell’s PUSCH timing
· Benefit: no PHICH issue
· Drawback: lose some PUSCH subframes, peak rate may not be achievable
· 
Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)
· Benefit: can achieve peak rate
· Drawback: PHICH may not be available for some subframes
·   Continue discussion; take into account UE procedure considerations if PHICH is not available.
In this contribution, we will provide our view on how to support full duplex UE configured with inter-band CA with different TDD configurations on different bands. 
2
Discussion
The main problem in supporting inter-band TDD CA with different TDD configurations on different bands is the timing of PDSCH HARQ, and the PUSCH HARQ/scheduling. Given the agreements so far, the timing for all cases with self scheduling has been clearly defined, and the remaining issue is the timing when cross-carrier scheduling is configured.
Cross-carrier scheduling was introduced in Rel-10 mainly to achieve interference management for DL control channels. In our view, it should be supported for all combinations of different TDD configurations, and the timing should ensure as much as possible subframes schedulable for the inter-band CA UE, although with Rel-11 design there could be some un-schedulable resources for some combinations. In Rel-10 the configuration of cross-carrier scheduling applies to both UL and DL, and we think this should not be changed in Rel-11 considering the standard efforts. 
Proposal 1: Cross-carrier scheduling should be supported for all combinations of different TDD configurations. The timing should enable as much as possible subframes schedulable for the inter-band CA UE. Configuration of cross-carrier scheduling applies to both UL and DL as in Rel-10. 
2.1
PDSCH HARQ timing with cross-carrier scheduling

The PDSCH HARQ timing for DL Case B and DL Case C has not been decided. In our understanding there are 2 alternatives to determine the timing for both cases.
· Alt 1: the PDSCH HARQ timing for cross-carrier scheduled cell follows scheduling cell SIB1 configuration
· Alt 2: the PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling
The key difference between the 2 alternatives is whether all DL subframes on the scheduled cell can be scheduled for the inter-band CA UE, with multi-subframe scheduling. By Alt 1 the possibility is already disabled from timing point of view. We understand that the timeline may not allow introduction of multi-subframe scheduling in Rel-11, but we prefer to leave the door open for Rel-12, thus Alt 2 is our preference.
One problem mentioned regarding Alt 2 is the implicit PUCCH format 1b resource allocation. As shown in Figure 1, the bundle window could be different for inter-band CA UE (PDSCH HARQ timing on SCell follows configuration#2 timing) and normal UE (PDSCH HARQ timing on serving cell follows configuration#1 timing), which may lead to PUCCH 1b resource collision if Rel-10 implicit resource allocation method is directly re-used.
The problem only relates to implicit PUCCH format 1b resource allocation, and can be circumvented with different methods. For example, PUCCH format 3 can be configured for the combinations with such collision problem; explicit PUCCH format 1b resource allocation is another option; in the worst case the collision can be avoided by eNB implementation, i.e. proper CCE allocation. 
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Figure 1: Example of PUCCH resource collision problem with Alt 2  

Proposal 2: PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling. How to circumvent implicit PUCCH format 1b resource allocation problem is FFS.
2.2
PUSCH HARQ/scheduling timing with cross-carrier scheduling

The PUSCH HARQ/scheduling timing for UL Case B, UL Case C and UL Case D has not been decided. 
For UL Case B, 2 alternatives are identified last meeting:  
· Alt 1: the PUSCH HARQ/scheduling timing for scheduled cell follows scheduling cell SIB1 configuration,
· Alt 2: the PUSCH HARQ/scheduling timing for scheduled cell follows scheduled cell SIB1 configuration.
In our view the timing should enable all UL subframes schedulable for the inter-band CA UE, thus Alt 2 is preferred. The problem with Alt 2 is the PHICH resource issue, i.e. the DL subframe for PHICH according to scheduled cell SIB1 configuration may not have PHICH resource according to scheduling cell SIB1 configuration. 
We think the problem can be solved by PHICH-less operation, i.e. inter-band CA UE should not expect PHICH and should behave as if ACK is received on PHICH, unless new initial transmission or retransmission is triggered with UL grant. In other words, UL HARQ is always adaptive for inter-band CA UE. 

For UL Case C and UL Case D it is not always possible for the inter-band CA UE to schedule all UL subframes on the scheduled cell, if no new timing is introduced. A feasible way is to properly select reference configuration so that as much as possible UL subframes are schedulable for the inter-band CA UE. Table 1 is our proposed reference table, and the element with “*” means some UL subframes on the scheduled cell cannot be scheduled for the inter-band CA UE.
The PHICH-less operation discussed above for UL Case B can be extended to UL Case C and UL Case D, if the DL subframe for PHICH according to reference configuration may not have PHICH resource according to scheduling cell SIB1 configuration.  
Proposal 3: PUSCH HARQ/scheduling timing for cross-carrier scheduled cell is proposed in Table 1.

· For some combinations, not all UL subframes on scheduled cell can be scheduled for inter-band CA UE.

· Subframe specific timing is essentially new timing, and should not be supported.

Proposal 4: PHICH-less operation can be introduced for inter-band CA UE.

Table 1: Proposed reference configuration for PUSCH HARQ/scheduling timing with cross-carrier scheduling
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3
Conclusion
In this paper we provided our view on supporting inter-band TDD CA with different TDD configurations on different bands for full duplex operation, and have the following proposals:
Proposal 1: Cross-carrier scheduling should be supported for all combinations of different TDD configurations. The timing should enable as much as possible subframes schedulable for the inter-band CA UE. Configuration of cross-carrier scheduling applies to both UL and DL as in Rel-10. 

Proposal 2: PDSCH HARQ timing for cross-carrier scheduled cell is same as the timing for self scheduling. How to circumvent implicit PUCCH format 1b resource allocation problem is FFS
Proposal 3: PUSCH HARQ/scheduling timing for cross-carrier scheduled cell is proposed in Table 1.

· For some combinations, not all UL subframes on scheduled cell can be scheduled for inter-band CA UE.

· Subframe specific timing is essentially new timing, and should not be supported.

Proposal 4: PHICH-less operation can be introduced for inter-band CA UE.
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