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1. Introduction & Background
From RAN1#66 to RAN1#69 meeting, several decisions for HARQ timing issue of inter-band CA have been made, especially for the case of self-scheduling. The remaining issues include HARQ/scheduling timing for cross-carrier scheduling. For cross-carrier scheduling, two agreements were made:
· On PDSCH timing  for the case where  SCell(s) downlink subframes is a subset of PCell (namely DL case A), follow the PCell SIB1 configuration.
· On PUSCH timing 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 (namely UL case A), follow the scheduling cell SIB1 configuration.
Meanwhile, the remain issues for HARQ timing need to be discussed are listed as follows:
· PDSCH HARQ timing for cross-carrier scheduling
· if scheduled scell DL subframes are a superset of Pcell (Case B)
· TBD
· if scheduled scell DL subframes are neither a superset nor a subset of Pcell (Case C)
· TBD
· PUSCH HARQ timing for cross-carrier scheduling

· if the set of 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 (Case B)

· TBD
· if the set of UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor 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 (Case C)

· TBD
· if the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms (Case D)

· TBD
In this contribution, the remaining issues for cross-carrier scheduling of TDD inter-band CA HARQ/scheduling timing are discussed and some considerations about design are proposed.
2. PDSCH HARQ timing design
2.1. HARQ timing for case B and C
In case of cross-carrier scheduling case B, the set of scheduled scell DL subframe is a superset of Pcell. Therefore, if the PDSCH HARQ timing on Scell follows its own SIB1 configuration, all the ACK/NACK feedback for Scell can be transmitted in UL subframes on Pcell. Following its own timing can achieve DL peak data rate, especially cross-subframe scheduling can be introduced in the later release. Other alternatives, e.g., following Pcell’s PDSCH HARQ timing, some of the DL subframes cannot be scheduled. 
In case of cross-carrier scheduling case C where the set of scell DL subframes is neither a superset nor a subset of Pcell, similar to self-scheduling case, we propose the PDSCH HARQ timing of Scell follow the configuration where all overlap subframes of Pcell and Scell are assumed to DL subframe. With this solution, all ACK/NACK response for DL subframes on Scell can be transmitted on Pcell and DL data rate can be guaranteed accordingly.

Besides DL peak data rate, follow same HARQ timing table as self-scheduling can reduce the differences between self-scheduling and cross-carrier scheduling. Then the complexity from eNB scheduling and design perspective can be reduced.
So taking into account throughput and harmonized PDSCH HARQ timing as self-scheduling for simplicity, it is proposed that
Proposal 1:For PDSCH case B and case C in case of cross-carrier scheduling, Scell DL HARQ timing follow the same timing table as self-scheduling is preferred.
There are also some discussions on the implicit ACK/NACK resource collision. The ACK/NACK resource corresponding to downlink grant for PCell and SCell may be collided. 
Option 1: One possibility to solve this problem is to apply PDCCH scheduling restriction. However, eNB need to take the scheduling results in the previous subframes into account when schedule the current subframe.  This may increase the complexity of eNB scheduler.
Option 2: Another solution is using explicit ACK/NACK resource for Scell instead of implicit resource in the case of cross-carrier scheduling for channel selection for TDD inter-band CA with different TDD UL-DL configuration.
3. PUSCH HARQ timing design
3.1. HARQ/scheduling timing for case B

This case means the set of DL subframes in scheduled cell is a subset of that in scheduling cell.
If the PUSCH HARQ timing for scheduled cell follows the scheduling cell, some of the UL subframes cannot be scheduled. Taking Figure 1 as an example where scheduling cell is configuration 2 while scheduled cell is 1, subframe #3 and #8 are DL subframe and there are no UL_grant defined for these subframes. Thus, if the HARQ/scheduling timing follows the scheduling cell, subframe #3 and #8 are not scheduledand 50% of PUSCH resources cannot be used.
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Figure 1. An example of UL PUSCH HARQ/scheduling timing for case B
On the contrary, if the PUSCH HARQ/scheduling timing for scheduled cell can follow its own timing, all the UL subframes can be cross-scheduled by UL_grant in subframe #1, #4, #6 and #9 in scheduling cell which can achieve UL peak data rate and better resource utilization.
However, there exists an issueabout PHICH operation.There may be no PHICH resources for UL subframes in scheduled cell if the HARQ/scheduling timing follows scheduled cell timing. One feasible solution for this issue is using UL grant to carry retransmission request when PHICH resource is not available. The overhead for downlink control is slight increased since there are nearly 10~30% of the PUSCH transmission are retransmitted.
Considering uplink data rate and resource utilization for UL CA scenarios, it is proposed that
Proposal 2:For PUSCH case B, the HARQ/scheduling timing of PUSCH on scheduled cell follow its own SIBI configuration is preferred.
3.2. HARQ/scheduling timing for case C

For this case where UL subframes in scheduled cell are neither a superset nor a subset of the UL subframes in scheduling cell while the PUSCH RTT of the scheduling cell is 10ms. Obviously for these different combinations, the PUSCH HARQ timing on cross-scheduled cell follow scheduling cell or its own cell configuration, several UL subframes are wasted and peak data rate can not be guaranteed. So, for HARQ/scheduling timing for case C, one important design principle is to ensure UL subframes can be scheduled as much as possible to maximum the UL resource utilization.
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Figure 1. An example of UL PUSCH HARQ/scheduling timing for case C
Proposal 3:For PUSCH case C, the design principle for the HARQ/scheduling timing of PUSCH on scheduled cell is to maximun UL resource utilization, and the configurations for different combinations shall be designed case by case.
3.3. HARQ/scheduling timing for case D

In this case, scheduling cell is set to configuration 0 or 6 with the same characteristic that the PUSCH RTT is not 10ms. If PUSCH HARQ/scheduling timing follows scheduled cell, for some combinations there may be no UL subframe can be scheduled because of the lack of UL grant. On the other hand, if PUSCH HARQ/scheduling timing follows scheduling cell, we can guarantee at least one UL subframe on scheduled cell can be scheduled, but the PUSCH RTT in scheduled cell can not maintain 10ms any more which may cause the decreasing of UL subframe utilization.
Another choice for this case is following a fixed SIB1 configuration, such as configuration 1 which can achieve higher UL efficiency while keep the RTT is 10ms.
Proposal 4:For PUSCH case D, whether the HARQ/scheduling timing of PUSCH on scheduled cell follow  scheduling cell SIBI configuration or a referred configuration is FFS.
4. Conclusion
In this contribution, we provide our views on the remain issues of inter-band TDD CA with different TDD configuration for cross-carrier scheduling. Scheduling and HARQ timing for PDSCH and PUSCH have been discussed and our general proposals are listed as below:
Proposal 1:For PDSCH case B and case C in case of cross-carrier scheduling, Scell DL HARQ timing follow the same timing table as self-scheduling is preferred.
· Option 1: apply PDCCH scheduling restriction to avoid PUCCH resource collision.

· Option 2: explicit ACK/NACK resource for Scell instead of implicit resource in the case of cross-carrier scheduling for channel selection for TDD inter-band CA with different TDD UL-DL configuration.
Proposal 2:For PUSCH case B, the HARQ/scheduling timing of PUSCH on scheduled cell follow its own SIBI configuration is preferred.
Proposal 3:For PUSCH case C, the design principle for the HARQ/scheduling timing of PUSCH on scheduled cell is to maximun UL resource utilization, and the configurations for different combinations shall be designed case by case.
Proposal 4:For PUSCH case D, whether the HARQ/scheduling timing of PUSCH on scheduled cell follow  scheduling cell SIBI configuration or a referred configuration is FFS.
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