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1.Introductions 
The scope of Rel-10 TDD carrier aggregation (CA) was limited to the intra-band combinations only due to the limited amount of time during Rel-10 discussion. The new work item (WI) of CA enhancement was agreed in RAN#51 meeting [1] and revised in RAN#52. In the work item document (WID) [2], the following working area was agreed as one method for CA enhancement:

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands.
Several open issues related to supporting different UL-DL configurations for LTE TDD inter-band CA are identified, and some proposals are also discussed in this contribution.
2. Open Issues and Proposals
3GPP LTE TDD Release 8, 9 and 10 have defined seven UL-DL configurations [3] which is illustrated in Table 1.
Table 1: Uplink-Downlink Configurations

	Uplink-downlink configuration
	Downlink-to-Uplink Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


One open issue is whether to reuse the above UL-DL configurations or to specify some additional UL-DL configurations for LTE TDD inter-band CA. Although additional UL-DL configurations of LTE TDD for inter-band CA, if defined, may enhance the deployment flexibility of the operator networks, such new configurations will not be backward compatible and thus will not be accessible by Release 8,9, 10 UEs. Given the inter-band CA should ensure backward compatible operation of LTE TDD carrier in each band, we propose:
Proposal 1: The inter-band CA for Release 11 should be based on the UL-DL configurations already defined for LTE TDD in Rel-8/9/10 for each deployed band. Additional DL-UL configurations should be avoided unless proven necessary.
When carriers in different bands are deployed with different DL/UL configuration there will be overlapping downlink and uplink subframes across such carries. One example is illustrated in Figure 1, wherein the 4th subframe is downlink on PCell (CC1) and is uplink on SCell (CC2). However most TDD are designed based on the assumption that the device does not receive and transmit at the same time, resulting in reduced filtering effort and losses due to duplexers, reduced current consumption in TX, better sensitivity in RX and lower costs for a TDD solution. Adding any requirement for simultaneous TX/RX on different frequencies would result in challenging requirements similar to an FDD part, and possibly even more demanding requirements in case of adjacent or nearby band combinations.
Based on these observations one can argue that such requirement may not be practical and imposing them even on some UEs would result in reduced cell size because of their lower sensitivity. Also in the presence of many TDD devices without simultaneous TX/RX capability, the scheduling at eNB would be restricted. The impact of such restriction on system performance needs to be evaluated and balanced against the benefits of inter-band CA when DL/UL configurations need to be different. In additional to implementation issues, this item may add significant RAN1/RAN2 work on addressing control channel mapping and HARQ timing conflicts [4] and RAN4 work to define all the reduced sensitivities, spurious emissions, reduced output powers, etc.
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Figure 1: Overlapped Downlink and Uplink for the Different UL-DL Configurations of TDD Inter-band CA

Proposal 2: The simultaneous transmission in one band and reception in other band by TDD-LTE UEs in the overlapping downlink and uplink subframes should be avoided, as it may not be supported by many UEs.

Proposal 3: The impact of having a mix of UEs with and without simultaneous TX/RX support on overall system performance and the overall benefit of inter-band CA in mixed TDD configurations should be further studied.
3.Conclusions
The following proposals are presented in this contribution to support different UL-DL configurations for LTE TDD inter-band CA:

· Proposal 1: The inter-band CA for Release 11 should be based on the UL-DL configurations already defined for LTE TDD in Rel-8/9/10 for each deployed band. Additional DL-UL configurations should be avoided unless proven necessary.

· Proposal 2: The simultaneous transmission in one band and reception in other band by TDD-LTE UEs in the overlapping downlink and uplink subframes should be avoided, as it may not be supported by many UEs.

· Proposal 3: The impact of having a mix of UEs with and without simultaneous TX/RX support on overall system performance and the overall benefit of inter-band CA in mixed TDD configurations should be further studied.
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