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Discussion and decision 
1 Introduction and Backgrounds
In general, inter-band carrier aggregation (CA) for TDD for most deployments is supported by Release 10 from core specifications perspective. However, there are two related issues to be addressed as reflected in the scope of Release 11 work item on enhancements to carrier aggregation, which was approved in RAN#51 [1]. 
The two issues are 

A.  Support of inter-band CA for multiple band combination with the same UL-DL configuration, which may mainly involve RAN4 discussions/decisions. 
B. Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands [2]
When all TDD carriers deployed on an eNB have the same UL-DL configuration the control channel mapping defined in Release 10 should apply for inter-band CA.
One would expect the CA operation across multiple TDD carriers in the same area with different UL-DL configurations to have the following implications:

1. DL/UL interference, which can be a problem unless the two inter-band TDD carriers are sufficiently separated in frequency.

2. Control channel mapping across carriers need to be defined to ensure proper HARQ timing.
3. Scheduling restrictions and impact on system performance due to presence of many TDD UE’s that do not support simultaneous transmission/reception (TX/RX) in the same TTI across the two carriers.

This paper presents some discussion points for consideration in RAN2 to evaluate different options to support the second capability (B) with minimal changes in the specifications, focussing primarily on control channel mapping aspects. Also in the following discussions, it is assumed that all carriers involved are deployed on the same eNB so issues related to neighbouring eNBs and TDD systems/networks are considered out of scope of this work item and hence are not treated in this contribution.
2 Discussion

The multicarrier deployment of TDD systems in different bands may target different mix of services with different traffic asymmetries, justifying the need to study and support for coexistence of carriers with different UL-DL configurations.
However, support for inter-band CA with mixed TDD configurations will result in overlapping DL subframes on one carrier with UL subframes of another carrier, and vice versa.  Scheduling DL and UL traffic on such subframes will be restricted as many TDD devices may be expected to not support simultaneous TX/RX in the same TTI. 
Proposal 1: Given many TDD LTE devices will not support simultaneous TX/RX on the same TTI, RAN2 and RAN2 should study the trade off between the loss from scheduling restrictions for such devices vs. the gain of inter-band CA with mixed TDD configurations.    

The rest of this contribution presents HARQ timing issues, control channel mapping considerations, and proposals to simplify inter-band CA with mixed TDD configurations if such feature is proven to be viable.
One major open issue is that the Rel-10 HARQ timing does not support the different UL-DL configurations of the inter-band CA because the HARQ ACKs/NACKs are only allowed to be transmitted on PCell UL from the perspective of the UE. This may result in the HARQ feedbacks not being transmitted due to the overlapped UL and DL subframes on different UL-DL configurations of the inter-band CCs. One example is shown in Figure 1, wherein ACK/NACK of PDSCH transmission in SCell (Cell 1) cannot be fed-back in the 4th UL subframe due to the fact that only the PCell in Rel-10 can feedback the ACK/NACK but the 4th subframe in the PCell (Cell 2) is DL not UL. 
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Figure 1: Open Issues of HARQ ACK/NACK Timing in Rel-10 to Support Different UL-DL Configuration of TDD Inter-band CA

In the following, we assume that simultaneous TX/RX in overlapped subframes is supported and that all TDD carriers involved in a deployment are grouped into a few configuration groups, within which all carriers have the same UL-DL configuration. 

Within a group, where all carriers have the same UL-DL configuration, existing Release 10 mapping of control channels should apply.  

When UL-DL configurations of an PCell and an SCell are different, both DL and UL control channel mapping need clarifications. For PDCCH mapping, given the misalignment between DL/UL subframe of two carriers, some clarifications are needed, especially if cross carrier scheduling is used. The following may be considered as possible options:
A. Support same carrier scheduling only, i.e. no cross carrier scheduling. If cross carrier scheduling is supported, allow cross carrier scheduling only among cells within the same configuration group.
B. Support cross carrier scheduling across cells with different UL-DL configurations by adjusting and extending the Release 10 mapping tables.
Option A is the most basic that needs to be supported given cross carrier scheduling is not mandated in Release 10. Although Option B is more flexible, it can be complex if all possible combinations of UL-DL configurations are supported. Perhaps this option can be considered if the number of possible combinations is limited to a few.  

Proposal 2: Same cell scheduling for TDD inter-band CA should be the baseline and cross carrier scheduling, if supported, can be used among carriers with the same UL-DL configuration.
Proposal 3: RAN2 to study the benefit and use cases of cross carrier scheduling across carriers with different UL-DL configurations, preferably for a small number of possible TDD configuration combinations.
A similar and consistent approach can be taken for mapping other DL control channels like PHICH and across carriers.
For PUCCH, clear mapping of ACK/NACK and CQI feedback should also be defined. For ACK/NACK transmission, the following options can be considered:
A.    Among the cells configured for a UE, ACK/NACK transmissions on PUCCH is from PCell only:

·   This option is consistent with Release 10 approach but extending that for multiple TDD UL-DL configurations without imposing scheduling restrictions may require considerable specification changes. RAN1/RAN2 specifications changes may be avoided if some scheduling restrictions are imposed, resulting in somewhat less efficient CA. This needs further study and may not be a big issue assuming few users would use inter-band CA with different UL-DL configurations.
B.    Among the cells configured for a UE, ACK/NACK transmissions on PUCCH is on PCell and one of the SCells in each configuration group: 

·   One cell will carry all PUCCH transmission for cells within the same configuration group, i.e. cells having the same UL-DL configuration. If only one TDD configuration group is deployed the PCell will carry all PUCCH transmission as in Release 10.
·   This option requires some RAN1/RAN2 specification changes in order to extend the Release 10 approach of transmitting PUCCH on PCell only.
For CQI feedback transmission there is less challenge or timing ambiguity as CQI feedback is configured per cell through RRC signalling, so all CQI feedback can be sent on the PCell UL of a UE as in Release 10. Alternatively, if PCell loading becomes an issue, depending on the approach for ACK/NACK, CQI feedback may also be sent on the same carrier on which ACK/NACK is transmitted.

Proposal 4: RAN2 to study the feasibility of sending ACK/NACK transmissions on PCell only, for inter-band CA scenarios with different TDD UL-DL configurations.
Proposal 5: RAN1 and RAN2 to study the feasibility of extending Release 10 approach of PUCCH transmission on PCell only to include an SCell UL per TDD configuration group as well.

Proposal 6: RAN1 and RAN2 to discuss the possible approaches for CQI feedback and whether CQI should be transmitted on PCell only or on the same cell(s) as ACK/NACK.
3 Conclusion

Based on the above discussions we propose RAN2 to kindly consider the following proposals:
Proposal 1: Given many TD-LTE devices will not support simultaneous TX/RX on the same TTI, RAN1 and RAN2 should study the trade off between the loss from scheduling restrictions for such devices vs. the gain of inter-band CA with mixed TDD configurations.    

Proposal 2: Same cell scheduling for TDD inter-band CA should be the baseline and cross carrier scheduling, if supported, can be used among carriers with the same UL-DL configuration.

Proposal 3: RAN2 to study the benefit and use cases of cross carrier scheduling across carriers with different UL-DL configurations, preferably for a small number of possible TDD configuration combinations.

Proposal 4: RAN2 to study the feasibility of sending ACK/NACK transmissions on PCell only, for inter-band CA scenarios with different TDD UL-DL configurations.
Proposal 5: RAN1 and RAN2 to study the feasibility of extending Release 10 approach of PUCCH transmission on PCell only to include an SCell UL per TDD configuration group as well.

Proposal 6: RAN1 and RAN2 to discuss the possible approaches for CQI feedback and whether CQI should be transmitted on PCell only or on the same cell(s) as ACK/NACK.
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