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1 Introduction
In the RAN1 #66bis meeting, it was agreed to support TDD inter-band CA with different configurations in Rel-11, and an email discussion was carried out to address the specification impact questions raised in the RAN1 #66 meeting [1]. 
In this contribution, we discuss the design principles and possible solutions for the timing designs. It also provides an analysis for the design with and without simultaneous transmission and reception (full duplex and half duplex operation). 
2 Discussion on the design principles
According to the discussion in RAN1 #66 and RAN1 #66bis meeting, the following questions were left to be addressed:
1. How many bands are supported?
Considering the complexity of specification and realistic usages, it is reasonable to support TDD inter-band CA with at most 2 different UL-DL configurations, even though more than 2 carriers may be aggregated in the system.
2. Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
The limitation of the combinations could help to simplify the HARQ timing design. We propose that the possible combinations only support the different UL-DL configurations with the same DL-to-UL switch-point periodicity.
3. Is PUCCH still transmitted on only 1 CC?
PUCCH should be transmitted on only 1CC since some UEs don’t have the ability to support UL carrier aggregation due to the limitation of maximum transmitting power.
4. Is PUCCH always on the PCell?
PUCCH should be always transmitted on PCell to avoid the ambiguity on HARQ-ACK resource allocation when SCell is added, removed, reconfigured or (de)activated.
5. Is PHICH transmitted on the cell carrying the UL grant?
Yes. No motivation is identified to make it different from Rel-10
6. Same HARQ timing rules as in Rel-10?
From our perspective, the HARQ timing includes the UL ACK/NAK and PHICH feedback timing. 
In our understanding, “same HARQ timing rules in Rel-10” means that we can reuse the HARQ timing of other UL-DL configuration from the Rel-10 HARQ timing table for inter-band TDD e.g. the SCell reuse the HARQ- timing of PCell. But, we should not design new HARQ timing beyond the existing HARQ-timing of Rel-10.
7. Same scheduling timing as in Rel-10?
From our perspective, the scheduling timing relates to the PDCCH-to-PDSCH/PUSCH timing. 

For non cross-carrier scheduling, we don’t find any reason to change the current timing between PDCCH and PDSCH/PUSCH. We propose to use the same scheduling timing for each UL- DL configuration of Rel-10. 
For cross-carrier scheduling, the design for the scheduling timing should take both the resource utilization efficiency and the specification efforts into account. Some schemes could be considered, if we want to efficiently use all resource when the UE is configured with cross-carrier scheduling, e.g. multi-subframe scheduling, meanwhile, we also should take specification impact into account [3].
8. Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
HetNet is considered to be an important scenario that needs to be supported in inter-band TDD with different UL-DL configurations. Therefore, the cross-carrier scheduling should be supported for HetNet scenario.
3 Timing design for TDD inter-band CA with different configurations 
This section provides a discussion on the design for both the full and half duplex operations for non cross-carrier scheduling, the timing design for cross-carrier scheduling case is discussed in [3].  
The following two options can be considered for TDD inter-band CA with different configurations. 

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

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

For option 1, carrier aggregation is supported in the above scenario, but only a single direction (either UL or DL) can be scheduled when two directions exist in the same subframe. From the perspective of physical layer design, we cannot see any promising benefit to adopt half duplex operation for UE with different UL-DL configurations, considering the peak data rate is penalized while achieving higher peak data rate is one of the most important motivations for CA.
For example as illustrated in Fig. 1, when two carriers with configuration 0 and 2 are aggregated and the UL subframes on the PCell prioritize over the same-time DL subframes on the SCell, 50% of the DL resource on the SCell cannot be used. This makes option 2 unattractive compared to option 1 as CA is mainly used to enhance UE peak data rate. Without the enough benefit of peak data rate, such UEs can just be configured with single carrier or multiple carriers with the same UL-DL configurations, which does not have any standard impact.
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Fig. 1. Example of subframe muting for option 2

(50% of DL resource on the SCell cannot be used for the half duplex UE)

For option 1 with dymamic UL/DL selection, as shown in Fig. 2, there is one additional DL-UL switch point occurs, when the DL subframe is selected on subframe 3 on SCell, and the UL subframe is selected for overlapped subframe 4 on PCell. If there is no additional GP configured for the additional DL-UL switch point, the DL and UL transmission cannot be correctly received or transmitted. If an additional GP is inserted, it will cause the reduction of DL throughput and complicate the specification.
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Fig. 2.  Additional DL-UL switch points are introduced
For option 2, carrier aggregation is supported in the above scenario, and both bands 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 [2]. 
Based on the above analysis, we propose that

HARQ design should be aimed to the UEs supporting simultaneous Tx/Rx to fully exploit the benefit of TDD inter-band CA with different configurations. 
4 Design aimed to full duplex UE
For a UE with the full duplex operation, the UE peak data rate can be fully achieved. The timing design for ACK/NAK and UL scheduling & PHICH is discussed as following
ACK/NAK timing design for full duplex operation
Based on the proposals in section 2, two cases are provided for analyzing the ACK/NAK timing design for full duplex UE. 

· Case 1: DL-heavier cell configured as the PCell, e.g., configuration 2 is configured as PCell, and configuration 1 is configured as SCell  (as shown in Fig.3)

· Case 2: UL-heavier cell configured as the PCell, e.g., configuration 4 is configured as PCell, and configuration 5 is configured as SCell (as shown in Fig.4)

Option 1: The ACK/NAK timing for the SCell follows the timing of the DL-heavier cell among the aggregated cells.
For case 1, it is possible that the subframe on the PCell is a DL subframe when the ACK/NAK for the SCell needs to be transmitted according to SCell’s HARQ timing. The solution is that the ACK/NAK transmission timing for the SCell could reuse the ACK/NAK timing of PCell. As shown in Fig. 3, the ACK/NAK for DL subframe 9 of the SCell should be transmitted in UL subframe 7 according to the timing of PCell. 
For case 2, the subframe on the PCell is always a UL subframe when the ACK/NAK for the SCell is transmitted according to the Rel-10 SCell’s ACK/NAK timing. In this case, the HARQ timing for each cell could follow the configuration of its own serving cell as Rel-10. 
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Fig. 3. Case 1: DL heavier cell (configuration 2) as the PCell
Therefore, for both case 1 and 2 discussed above, the ACK/NAK timing for the PCell follows its own timing. The ACK/NAK timing for the SCell follows the timing of the DL-heavier cell among the aggregated cells. 
Option 2: The ACK/NAKs timing for both the PCell and SCell always follow the ACK/NAK timing of the DL-heavier cell among the serving cells.

For case 1, the ACK/NAK timing of the SCell follows the ACK/NAK timing of the PCell since the PCell is DL-heavier cell. In this case, the timing design is same as the case 1 of option1.

For case 2, the ACK/NAK timing of the PCell should be changed to the timing of the DL-heavier cell (configuration 5), and this ACK/NCK timing change would impacts for the ACK/NAK resource allocation on PCell. As shown in Fig.4, all of ACK/NAK bits should be transmitted on subframe 2 of PCell. However, according to Rel-10, there is no implicit ACK/NAK resource on subframe 2 of PCell could be used for ACK/NAK transmission corresponding to subframe 6, 7, 8 and 9. 

For case 2, the ACK/NAK feedback delay will be enlarged. As shown in Fig. 4, all the ACK/NAKs should be transmitted in the subframe 2 on the PCell. Therefore, the ACK/NAK feedback time of DL subframe 9 is enlarged from n+4ms to n+13ms.
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Fig. 4. Case 2. UL heavier cell (configuration 4) as the PCell
For option 2, ACK/NAK resource allocation on the PCell should be considered when the PCell is a UL heavier cell.  For some specified subframe, the ACK/NAK feedback latency could be larger than Rel-10.
UL scheduling and PHICH timing design for full duplex operation

For UL scheduling and PHICH timing, as we discussed in section 2, it is straightforward to follow the timing of  the serving cell which carries the UL_grant. 
Base on above discussion, we propose the following timing rules to support the full duplex operation, 

· The ACK/NAK timing for the PCell follows its own ACK/NAK timing. The ACK/NAK timing for the SCell follows the ACK/NAK timing of the DL-heavier cell among the aggregated cells.

· UL scheduling and PHICH transmission follow the timing of the serving cell which carries the UL_grant. 
5 Conclusion
In this paper, we discuss the design principles and possible solutions for the timing designs. It also provides an analysis for the design with and without simultaneous transmission and reception (full duplex and half duplex operation). Finally, it is proposed that:
Proposal 1:  HARQ design should be aimed to the UEs supporting simultaneous Tx/Rx to fully exploit the benefit of TDD inter-band CA with different configurations. 
Proposal 2: To support the full duplex operation, the following timing rules are proposed 

· The ACK/NAK for the PCell follows its own ACK/NAK timing, while the ACK/NAK for the SCell follows the ACK/NAK timing of the DL-heavier cell among the aggregated cells.

· UL scheduling and PHICH transmission follow the timing of the serving cell which carries the UL grant. 
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