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1 Introduction
In the RAN1 #66 meeting, inter-band carrier aggregation (CA) with different UL-DL configurations was discussed, and accordingly the following two agreements were achieved [1]: 

· No new TDD UL/DL configurations will be considered in this WI.
· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC.
In this contribution, we give the further analysis on the motivation/benefits to support this feature, with and without considering the simultaneous transmission and reception of the UE. More analysis is provided for tradeoff analysis and for the design principles of this feature.
2 Motivation
In the RAN1 #66 meeting, it was agreed that [1]: 

· For RAN1#66bis, aim to provide analysis of the motivation/benefits for inter-band aggregation of CCs with different TDD UL-DL configurations, before deciding whether inter-band aggregation of CCs with different TDD UL-DL configurations will be supported in the RAN1 specs in Rel-11.
2.1 Scenario

It is possible that two bands operated by the same operator may apply different UL-DL configurations. Some bands have to be configured with certain UL-DL configuration, due to the co-existence with legacy systems in the network. However for the other bands, it is reasonable to set UL-DL configuration according to the traffic load in the network. 

2.2 Candidate solutions

The following three options can be considered in the above scenario. 

Option 1:  Inter-band CA with different UL-DL configurations is not supported. 

Option 2: Inter-band CA with different UL-DL configurations is supported, with the design aimed to half duplex UE (UE incapable of simultaneous transmission and reception). 

Option 3: Inter-band CA with different UL-DL configurations is supported, with the design aimed to full duplex UE (UE capable of simultaneous transmission and reception). 

For option 1, there is no specification impact. Carrier aggregation is not supported in the above scenario and thus the UE peak date rate is limited by the carrier bandwidth within each band.
For option 2, 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. Therefore, the UE peak data rate is penalized. 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 can not be used. This makes option 2 unattractive compared to option 1 as CA is mainly used to enhance UE peak data rate.
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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 3, carrier aggregation is supported in the above scenario, and both bands can be scheduled simultaneously even if two directions exist in the same subframe. Therefore, option 3 provides the significant increase on UE peak data rate. 

From the perspectives of UE peak data rate and the motivation of introducing CA, option 3 (with full duplex operation) is preferred for inter-band TDD CA with different UL-DL configurations. 

In addition, based on the above WF, an LS has been sent to RAN4 on this issue [3]. In our opinion, if the inter-band spacings are comparable to or larger than FDD duplex spacings based on the reply from RAN4, there is no any big impact on TDD UE implementation to support simultaneous transmission and reception in different bands. 
A trade-off analysis is provided in Fig. 2 for option 2 and 3 based on the above discussion, considering the aspects of applicable scenarios, potential benefits and drawbacks, and also the impact analysis. 
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Fig. 2. Trade-off analysis for the duplex operations
Proposal 1: Inter-band CA with different UL-DL configurations is supported, with the design aimed to full duplex UE (UE capable of simultaneous transmission and reception). 
3 Design principles for the full duplex operation
In the RAN1 #66 meeting, the following questions were left to be addressed [1]: 
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

· How many bands are supported?

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

· Is PHICH transmitted on the cell carrying the UL grant?

· Same HARQ timing rules as in Rel-10?

· Same scheduling timing as in Rel-10?

In this section, we discuss the design principles based on the full duplex operation with the consideration of the above questions. 
3.1 Number of bands & Combinations of different UL-DL configurations

Considering the effort and complexity of specification and implementation, it is suggested to limit the number of bands with different UL-DL configurations as well as the number of combinations of different UL-DL configurations. 

Furthermore, it is proposed that 
· At most two bands with different UL-DL configurations are supported in Rel-11. 

The limitation of the combinations of different UL-DL configurations should depend on the realistic usages, where the UL-DL configurations with high priorities can be selected, e.g., UL-DL configuration 0, 1, 2. Only supporting the configurations with the periodicity of 5 ms can also simplify the timing design. Other configurations with the periodicity of 10 ms can be considered in future releases if necessary. 
· The limitation of the combinations of different UL-DL configurations should depend on the realistic usages, e.g., to support the combination of any two UL-DL configurations out of UL-DL configuration 0, 1 and 2. 
3.2 Design principles related to timing rules
In Rel-10, it is allowed that DL carriers are aggregated while only one carrier is configured in the uplink, considering the possible traffic load and the possible UL power limitation, which applies also in Rel-11. In this case, PUCCH has to be located on single UL carrier.
Moreover, the design of PUCCH on single carrier also simplified the design of UL power control in Rel-10 and it is desired to be kept in Rel-11.
· PUCCH is transmitted on one CC for inter-band TDD CA with different UL-DL configurations with two alternatives. 
· PUCCH is always transmitted on the PCell.
· PUCCH can be transmitted on both PCell and SCell.

Due to the different UL-DL configurations, keeping the A/N timing rules exactly as Rel-10 for each carrier and restricting A/N on PCell may not work together, because it is possible that the subframe in PCell is a DL subframe when A/N for the SCell needs to be fed back. 
One solution can be that the A/N feedback timing for such DL subframes in the SCell follows the A/N feedback timing of the PCell. This solution works when all the aggregated carriers have the same UL-DL configuration periodicity.

Another solution is that if the subframe for the A/N feedback is DL on the PCell, a UL subframe on a SCell can be selected to transmit the A/N.
These two solutions for PUCCH transmission were both analyzed in [2] where detailed pros and cons were provided. To minimize the specification and implementation impact, it is slightly preferred that PUCCH is only transmitted on the PCell. 
Also to minimize the specification and implementation impact, it is preferred to transmit PHICH on the cell carrying the corresponding UL grant, which is exactly the same as in Rel-10. 

· PHICH is transmitted on the cell carrying the corresponding UL grant. 

· Without cross-carrier scheduling, PUSCH and PHICH transmission follows the timing of the corresponding cell as in Rel-10. 
3.3 Support of cross-carrier scheduling
Cross-carrier scheduling is an important feature especially when CA-based HetNet is considered. However, the extra complexity by introducing cross-carrier scheduling for inter-band TDD CA with different UL-DL configurations need be carefully evaluated. 
For example, due to the different UL-DL configurations, keeping the scheduling timing rules exactly as Rel-10 for each carrier may not work, because it is possible that the subframe in the PCell is a UL subframe when a UL grant or a DL grant need be transmitted for the SCell. Thus, the timing rules between PDCCH and the scheduled PDSCH/PUSCH need be changed. In addition, the revised timing rules may introduce multi-subframe scheduling, i.e., a DL subframe on the PCell need schedule more than one DL subframes on one SCell. 
· Cross-carrier scheduling in inter-band TDD CA with different UL-DL configurations can be considered. However, the additional specification complexity should be carefully evaluated
4 Conclusion
In this contribution, we present our viewpoints for inter-band TDD CA with different UL-DL configurations, including the motivations, the duplex operations and the design principles. 
Proposal 1: Inter-band CA with different UL-DL configurations is supported, with the design aimed to full duplex UE (UE capable of simultaneous transmission and reception). 
In addition, we also see the following points as reasonable design principles: 
· At most two bands with different UL-DL configurations are supported in Rel-11. 

· The limitation of the combinations of different UL-DL configurations should depend on the realistic usages, e.g., to support the combination of any two UL-DL configurations out of UL-DL configuration 0, 1 and 2. 

· PUCCH is transmitted on one CC for inter-band TDD CA with different UL-DL configurations with two alternatives. 

· PUCCH is always transmitted on the PCell.

· PUCCH can be transmitted on both Pcell and SCell.

· PHICH is transmitted on the cell carrying the corresponding UL grant. 

· Without cross-carrier scheduling, PUSCH and PHICH transmission follows the timing of the corresponding cell as in Rel-10. 

· Cross-carrier scheduling in inter-band TDD CA with different UL-DL configurations can be considered. However, the additional specification complexity should be carefully evaluated 
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