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1 Introduction
In the RAN1 #67 meeting, some conclusions were made for the inter-band TDD CA with different UL-DL configurations [1], which can be summarized as following: 
· Keep the number of supported bands agnostic to RAN1, and strive for common solutions for different numbers of UL-DL configuration.

· No new HARQ-ACK timing is introduced, which means that no new HARQ-ACK tables beyond those already defined in Rel-8/9/10.

· PHICH is transmitted on the cell carrying the corresponding UL_grant. 

· PUCCH only on PCell is as the working assumption. 

· For non cross-carrier scheduling, the same Rel-8/9/10 scheduling timing can be reused. 

· Strive for a common solution to support both the full-duplex and half-duplex UEs. 

In this contribution, we discuss the design principles and the remaining issues for the timing design for non cross-carrier scheduling, especially focusing on the HARQ-ACK timing. In addition, the timing design for cross-carrier scheduling is discussed in [2]. 
2 Design principle for full-duplex and half-duplex UEs
This section discusses the design principles for both the full-duplex and half-duplex UEs. 
Generally, the following two options can be considered. 

Option 1: Inter-band CA with different UL-DL configurations is supported, with the design aimed to half-duplex UEs. 

Option 2: Inter-band CA with different UL-DL configurations is supported, with the design aimed to full-duplex UEs. 

For option 1, carrier aggregation is supported, but only a single direction (either UL or DL) can be scheduled when both two directions exist in the same subframe. From the perspective of physical layer design, we cannot see any benefit to adopt half-duplex operation for UEs with different UL-DL configurations, considering the peak data rate is penalized while achieving higher peak data rate is one of the prime motivations for CA. 
If dynamic UL/DL selection scheme is adopted for half duplex operation, it is possible that additional GP (Guard Period) will be introduced. As shown in Fig. 1, there is one additional DL-UL switch point occurring when the DL subframe is selected on subframe 3 on SCell, and the UL subframe is selected for the overlapped subframe 4 on PCell. If there is no additional GP configured for the additional DL-UL switch point, the DL and UL transmissions cannot be correctly received or transmitted by the UE. If an additional GP is inserted, it will cause a reduction of DL throughput and complicate the specification. 
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Fig. 1.  Additional DL-UL switch points are introduced
For option 2, all serving cells can be scheduled simultaneously even if two directions exist in the same subframe. The full-duplex operation should be supported for inter-band TDD CA with different UL-DL configurations, so as to fully utilize the resource and to enhance the peak date rate. In the scenarios that we can foresee to apply inter-band TDD so far, e.g., band 38 and band 40, the distance of the two bands is at least comparable to the duplex distance of FDD and thus the filtering performance is similar as for the FDD system, according to RAN4’s LS [3]. 

Based on the above analysis, we see that the peak data rate for half-duplex UEs is anyways penalized while the full-duplex operation can fully utilize the resource to maximize the peak data rate. In addition, for half-duplex FDD system, the scheduling based solution has been adopted in Rel-8 to select the directions on the overlapped subframes. Therefore, it is proposed to design the system aimed to the full duplex UEs, and the half duplex UEs could be supported by the scheduling based solution to limit the specification efforts. 
Proposal 1: The scheme design should be aimed to the full-duplex UEs to fully exploit the benefit of TDD inter-band CA with different configurations, and half-duplex UEs are supported by the scheduling based solution of eNB’s implementation. 
3 HARQ-ACK timing design for non cross-carrier scheduling
In this section, we discuss the HARQ-ACK timing focusing on the full-duplex UEs. For simplicity, the case of two carriers with different UL-DL configurations is assumed, and the following scheme could be extended to support more than 2 aggregated carriers easily. In the following, the HARQ-ACK timings for the PCell and SCell(s) are discussed respectively. 
HARQ-ACK timing for the PCell
According to the working assumption that PUCCH is transmitted only on the PCell, it is straightforward to keep the PCell’s HARQ-ACK timing the same as in Rel-8/9/10 if no strong motivations are found. Otherwise, if the HARQ-ACK timing of PCell is different from non CA case to CA case, some potential problems need be considered. 
Firstly, some problems for the implicit HARQ-ACK resource allocation of the PCell would occur because there is no corresponding implicit HARQ-ACK resource reserved on some of the UL subframes on the PCell. As shown in Fig. 2, both the PCell and SCell follow the same HARQ-ACK timing of TDD configuration 2, so there is no implicit HARQ-ACK resource reserved on UL subframe 2 for DL subframes 4 and 8. Obviously, additional specification complexity is needed to solve this issue.
Secondly, a UE is configurable between single carrier transmission and CA, which depends on the traffic load. Therefore, during the period of RRC reconfiguration from CA to non CA or the other way around, the ambiguity may occur between eNB and UEs when PCell’s HARQ timing is different in the single cell case and the CA case. 
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Fig. 2.  PCell’s HARQ-ACK timing is different for the non-CA and the CA cases
Based on the above analysis, we propose to keep the HARQ-ACK timing of the PCell the same as in Rel-8/9/10. 

Proposal 2: When inter-band TDD CA with different configurations is configured, the HARQ-ACK timing of the PCell is the same as the HARQ-ACK timing corresponding to the PCell’s TDD UL-DL configuration. 

HARQ-ACK timing for the SCell
For discussing the HARQ-ACK timing of the SCell, three cases are provided as shown in Fig. 3, which are analyzed respectively. 

Case 1: The UL subframes on the SCell are the superset of those on the PCell. 
Case 2: The UL subframes on the PCell are the superset of those on the SCell. 
Case 3: The special case, where for some subframes PCell is DL and SCell is UL, and for some other subframes the other way around. 
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Fig. 3. The mapping from configuration combinations to the different cases

For case 1, if we don’t change SCell’s HARQ-ACK timing, it is possible that the subframe on the PCell is a DL subframe when the HARQ-ACK of SCell needs to be transmitted according to SCell’s HARQ timing. As shown in Fig. 4, the HARQ-ACK of DL subframe 9 on the SCell cannot be transmitted in UL subframe 3 according to the SCell’s own timing. Based on the working assumption that no new HARQ-ACK timing is introduced and all the DL subframes can be scheduled to maximize the peak data rate, following PCell’s HARQ-ACK timing is a simple solution.

Furthermore, if the SCell follows the timing of a reference TDD configuration which has more UL subframes than the PCell, e.g., SCell follows its own HARQ-ACK timing (TDD configuration 1) ， then the HARQ-ACKs for subframe 9 and 4 on the SCell cannot be transmitted since subframe 3 and 8 are DL subframes on the PCell. Therefore, the reference configurations’ HARQ-ACK timing is not applicable for the SCell while the reference configuration is UL-heaver compared with PCell. For another case, if the SCell follows the timing of a reference TDD configuration which has less UL subframes than the PCell, e.g., TDD configuration 5, then subframe 7 on the PCell is never used for HARQ-ACK transmission for the SCell which is not good for the HARQ-ACK load balance and feedback latency. 
Therefore, the optimal solution for SCell’s HARQ-ACK timing is to follow the PCell’s timing.
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Fig. 4. Case 1 for the HARQ-ACK timing of the SCell

For case 2, the subframe on the PCell is always a UL subframe when the HARQ-ACK for the SCell needs to be transmitted according to SCell’s HARQ timing. An example is shown in Fig. 5, it is straightforward for the SCell to follow its own HARQ-ACK timing. 
Furthermore, if the SCell follows the timing of a reference TDD configuration which has more UL subframes than the SCell, e.g., TDD configuration 1, then the HARQ-ACKs for subframes 3 and 8 on the SCell cannot be transmitted since there is no such timing relation defined in TDD configuration 1. For another example, if the SCell follows the timing of a reference TDD configuration which has less UL subframes than the SCell, e.g., TDD configuration 5, then subframe 7 is never used for HARQ-ACK transmission for the SCell which is not good for the HARQ-ACK load balance and feedback latency. 
Therefore the optimal solution for the SCell’s HARQ-ACK timing is to follow its own timing. 
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Fig. 5. Case 2 for the HARQ-ACK timing of the SCell

For case 3, there are totally three aggregation combinations which include the combination of TDD configuration {(UL-DL configuration) 2+ (UL-DL configuration) 4}, {2+3} and {1+3}. We take the case of combination 2+4 as an example for illustration, as shown in Fig. 6. The DL subframe 7 on the SCell can neither reuse the HARQ-ACK timing of the PCell nor follow its own timing, because the same subframe 7 on the PCell is UL, and subframe 3 for transmitting the HARQ-ACK based on its own timing is a DL subframe on the PCell. 
Considering that these configurations in special cases are not the typical cases in the system deployment, and the number of the special combinations is small, we prefer not to support these three combinations so as to simplify the standardization work.  
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Fig. 6. Case 3 for the HARQ-ACK timing of the SCell

The above solution can be extended to the case of CA with more than two different TDD configurations. For instance, we consider the CA case of PCell with configuration 1, SCell1 with configuration 0 and SCell2 with configuration 2. By using the above solution, the HARQ-ACK timing of the PCell is not changed, and SCell1 follows the PCell’s HARQ-ACK timing, and SCell2 follows its own HARQ-ACK timing. 

Base on above discussion, we propose the following HARQ-ACK timing rules for the SCell: 

Proposal 3: For the HARQ-ACK timing of the SCell, 

· The HARQ-ACK timing of the PCell is reused if the UL subframes on the SCell are the superset of those on the PCell.

· The HARQ-ACK timing of the SCell itself is used if the UL subframes on the PCell are the superset of those on the SCell.

· For special configuration combinations ((UL-DL configuration) 2+ (UL-DL configuration) 4, 2+3, 1+3), we propose not to support these combinations for inter-band TDD with different configurations. 

4 Conclusion
In this contribution, we further discuss the design principles and the remaining issues for the timing design, especially focusing on the HARQ-ACK timing. Finally, it is proposed that:
Proposal 1: The scheme design should be aimed to the full-duplex UEs to fully exploit the benefit of TDD inter-band CA with different configurations, and half-duplex UEs are supported by the scheduling based solution of eNB’s implementation.  
Proposal 2: When inter-band TDD CA with different configurations is configured, the HARQ-ACK timing of the PCell is the same as the HARQ-ACK timing corresponding to the PCell’s TDD UL-DL configuration. 
Proposal 3: For the HARQ-ACK timing of the SCell, 

· The HARQ-ACK timing of the PCell is reused if the UL subframes on the SCell are the superset of those on the PCell.

· The HARQ-ACK timing of the SCell itself is used if the UL subframes on the PCell are the superset of those on the SCell.

· For special configuration combinations ((UL-DL configuration) 2+ (UL-DL configuration) 4, 2+3, 1+3), we propose not to support these combinations for inter-band TDD with different configurations. 
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