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1 Introduction
In Rel-10, the intra-band TDD carrier aggregation (CA) is supported, and UL-DL configurations are the same among the different component carriers (CC). In RAN #51 meeting, the work item of LTE CA enhancements [1] was approved, and the inter-band TDD CA would be supported in Rel-11. The inter-band TDD CA may achieve the simultaneous transmission and reception on different frequency bands at both eNB and UE when different UL-DL configurations are configured. 
The Rel-10 physical control signal mechanism could be reused for the inter-band CA when the same UL-DL configuration is configured for all CCs. However, the design and discussion is required for how to support the inter-band CA with different UL-DL configurations from RAN1 point of view. In this paper, we present our viewpoints for this feature. 
2 Motivation and combinations of different UL-DL configurations
2.1 Motivation
In LTE TDD systems, there are 7 different UL-DL configurations [2] which could provide flexible resource utilization ratios based on the traffic load. In the inter-band CA, more flexibility could be achieved by configuring different UL-DL configurations on different CCs, which is not supported in Rel-10. 
In Rel-10, the same UL-DL configuration is adopted for different CCs (e.g., configuration #1 or #2, etc.) when it considers the co-existence with a legacy TD-SCDMA system on the adjacent frequency. Fig. 1 shows two examples to illustrate the co-existence of TDD LTE and TD-SCDMA systems. However, in case of the inter-band TDD CA, the restriction would be reduced since other UL-DL configurations could be configured on other bands based on the traffic load. 
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Fig. 1. Co-existence cases for TDD LTE and TD-SCDMA

Observation 1:  Inter-band CA with different UL-DL configurations is motivated by co-existence with the adjacent legacy system. 
2.2 Combinations of different UL-DL configurations
At the initial stage of the discussion, it is beneficial to both the specification and implementation if only limited number of CCs and combinations of different UL-DL configurations are considered as a basis for the scheme design. Otherwise, too much specification efforts may be needed if full flexible cases are  considered, e.g., up to 5 CCs with all possible combinations of UL-DL configurations. One possibility is that, the configuration #1(3:2) and #2 (4:1) of TDD LTE are considered to co-exist with a legacy TD-SCDMA system where the most typical configurations (4:2 and 3:3) are adopted, and also at most two CCs with different UL-DL configurations is considered, then at most twelve combinations of different UL-DL configurations need to be considered. 
Proposal 1: Only limited number of CCs and combinations of different UL-DL configurations should be considered. 
3 Simultaneous transmission and reception

In case of the inter-band TDD CA, a Rel-11 UE could obtain the SCell’s UL-DL configuration of a SCell which could be configured independently from the PCell. In addition, a Rel-11 TDD UE that supports inter-band CA could be able to support simultaneous transmission and reception on different bands just as that in a FDD system if the different bands with different UL-DL configurations are far apart to restrain the self-interference, which has very limited impact on UE implementation. In addition, not supporting simultaneous transmission will penalize the peak data rate as some subframe resources cannot be utilized by the UEs, while the main motivation to support CA is to increase the peak data rate.

Proposal 2: It is assumed that Rel-11 TDD UE that supports inter-band CA is able to support simultaneous transmission and reception on different bands. 
4 PUCCH transmission and HARQ timing
In Rel-10, PUCCH can only be transmitted on one CC, e.g., PCell, in order to reduce testing efforts and also simplify the UE implementation. Furthermore, the specification could guarantee PUCCH performance by keeping the power back-off of the CC on which PUCCH is transmitted with the lowest priority. Therefore, from the implementation and power back-off perspectives and also considering that some low-capability UEs may only have the PUCCH transmission capability on one band, PUCCH should be transmitted on one CC for the inter-band TDD CA. 
Proposal 3: PUCCH should be transmitted on one CC for the inter-band TDD CA with different UL-DL configurations. 
However, if the UL-DL configuration of a SCell is different from that of the PCell, the HARQ timing of the SCell should be considered. Two different alternatives are analyzed in Section 4.1 and Section 4.2, respectively. Furthermore, in the following sections, we give the analysis based on the assumption that simultaneous transmission and reception is supported by a Rel-11 UE. 
4.1 PUCCH on PCell
To keep compatibility with Rel-10, it is straightforward to transmit PUCCH on the PCell. In addition, it could optimize the UL feedback latency especially for some extremely asymmetric UL-DL configurations such as configuration #4 and #5. For example, as illustrated in Fig. 2(a), the feedback latency of the A/Ns for DL subframes 0, 1, 3 on the SCell is shortened, and also the A/N bits is balanced among the two UL subframes on the PCell. However, the HARQ timing of the SCell has to be modified. For another example as indicated in Fig. 2(b), the A/N for a PDSCH transmission in subframe #9 on the SCell has to be transmitted in subframe #7 on the PCell, while its original feedback time is in subframe #3 on the SCell. Therefore, one should evaluate the effects to the standard and implementation due to the introduction of new HARQ timings. 
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Fig. 2. PUCCH on PCell
4.2 PUCCH on PCell or one SCell
Another alternative is to keep the HARQ timing unchanged. Specifically, if the time for an A/N feedback is a DL subframe on the PCell, the SCell can be used to feedback the A/N. For example, as indicated in Fig. 3, the UL A/N should be on PCell subframe #3 corresponding to the SCell’s PDSCH transmission in subframe #9, but subframe #3 is a DL subframe on PCell, so the A/N should be transmitted in subframe #3 on the SCell. In this way, PUCCH transmission needs to be switched on multiple CC, and one should evaluate the effects to the standard and implementation. 
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Fig. 3. PUCCH on PCell or one SCell

Proposal 4: For the HARQ timing of a SCell, if the UL-DL configuration of the SCell is different from that of the PCell, it is FFS whether the PUCCH is always on Pcell, or can also be on one Scell. 
5 HARQ timing considering cross-carrier scheduling 
Cross-carrier scheduling is a CA-based scheme to mitigate the control channel interference in Het-Net scenarios, and it is more efficient than the TDM scheme (almost blank subframe) especially for TDD systems, as the TDM scheme cannot reduce the interference completely, e.g., interference for PBCH and PSS/SSS. 

However, for the inter-band TDD CA with different UL-DL configurations, the HARQ timings for UL&DL scheduling should be considered. For DL cross-carrier scheduling, taking an example as illustrated in Fig. 4, the cross-carrier scheduling DL_grant cannot be transmitted on PCell’s UL subframes #3, #4, #8, and #9 to cross-schedule the corresponding DL subframes on the SCell. For UL cross-carrier scheduling, as an example indicated in Fig. 5, according to the original timing, the cross-scheduling UL_grant corresponding to subframe #8 on the SCell cannot be transmitted since subframe #4 is a UL subframe on the PCell. To solve the above issues, new UL&DL scheduling timings may be introduced, and the details could be FFS. 
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Fig. 4. Scheduling timing for DL cross-carrier scheduling
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Fig. 5. Scheduling timing for UL cross-carrier scheduling

Proposal 5: For inter-band TDD CA with different UL-DL configurations, the UL&DL scheduling timing in case of cross-carrier scheduling should be considered. 
6 Conclusion
In this contribution, we present our viewpoints for the issues of inter-band TDD CA with different UL-DL configurations, including the HARQ timing for PUCCH transmission and the UL&DL scheduling in case of cross-carrier scheduling, and finally we give our observations and proposals below: 
Proposal 1: Only limited number of CCs and combinations of different UL-DL configurations should be considered. 
Proposal 2: It is assumed that Rel-11 TDD UE that supports inter-band CA is able to support simultaneous transmission and reception on different bands. 
Proposal 3: PUCCH should be transmitted on one CC for the inter-band TDD CA with different UL-DL configurations. 
Proposal 4: For the HARQ timing of a SCell, if the UL-DL configuration of the SCell is different from that of the PCell, it is FFS whether the PUCCH is always on Pcell, or can also be on one Scell. 

Proposal 5: For inter-band TDD CA with different UL-DL configurations, the UL&DL scheduling timing in case of cross-carrier scheduling should be considered. 
References
[1] RP-110451, “LTE Carrier Aggregation Enhancements”, Nokia Corporation, Nokia Siemens Networks, Kansas City, USA, March 15-18, 2011. 
[2] 3GPP TS 36.211-880, E-UTRA Physical channel and modulation. 


