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1. Introduction

    With sufficient frequency domain separation, it is currently under study whether different TDD UL-DL configurations can be supported on different bands. Several subjects should be settled down under the scope of discussion, ex. whether these different configurations are transparent to UE, or whether simultaneous transmission and reception are supported for this purpose. Some factors could be taken into account, such as the target scenario for inter-band TDD CA, the specification impact and so on.
    In this contribution, we develop some analysis and show our view on the corresponding issues.
2. Discussion 

The target scenario for different UL-DL configurations
From the discussions, the most important use case for different TDD UL-DL configuration is coexistence with the existing 3G network in the same band. For the cell within the same band as the 3G carrier, the TDD UL-DL configuration should be adjusted so that there is no TX/RX conflict to the 3G carrier. Meanwhile, for the cell on the other band, the UL-DL configuration can be tuned to the most suitable one subject to traffic and the flexibility of TDD can be fully enjoyed. It is very essential to guarantee the support for earlier generation when the network is refarming to a new generation. Thus it should be considered as the primary motivation of supporting different UL-DL configurations in TDD CA.
On the other hand, some other scenario is also mentioned. One deployment can be a Macro cell for coverage is equipped with a UL-dense configuration for coverage purpose while a pico cell as hotspot is equipped with a DL-dense configuration for high speed. By nature, allowing different UL-DL configurations for different cell gives more flexibility for eNB to tune its traffic among cells independently. However, it is currently not so clear whether the gain can justify the cost.
Proposal 1: Regarding the target scenario of different TDD UL-DL configurations, the baseline scenario is coexistence with the existing network. More study is needed regarding flexible deployment/traffic control is within the scope of consideration.

Whether the different UL-DL configurations are transparent to UE
    For the case the UL-DL configuration is transparent to UE, UE assumes the UL-DL configuration is the same among all the cells. Many thanks of some functions built on Primary cell, the “fake configuration” does not has much impact on UE, for example radio link monitoring and PUCCH are handled by Primary cell so no much problem is foreseen. For the UL direction, if proper configuration is given for SRS or PRACH (for multiple TAs), error case of UL transmission can be greatly reduced so eNB scheduling can be relied on to prohibit UL transmission in fake UL subframe. For the DL direction, the major concern about the transparency is measurement. On one side, the e-ICIC technic can be utilized to restrict the UE measure on the incorrect subframe. One the other side, if the e-ICIC technic is not available considering ICIC performance, reciprocity of TDD can be utilized to avoid the impact of wrong measurement, such as CSI measurement or RRM measurement.  Though it doesn’t have huge problem to let UE operate in fake UL-DL configuration, it does provide some inefficiency as some subframe is not available for those CA UEs who doesn’t know the actual configuration. Of course the amount of waste will depends on how much the difference between fake configuration and actual configuration.
    As the transparency can keep the current UE behaviour and have no impact on the specification, whether we introduce some non-transparent method can be subject to which scenario is under the scope of consideration. If coexistence with the existing network is the only targeted scenario, a transparent method with some inefficiency seems acceptable as much effort can be saved. On the other hand, if some flexible deployment/traffic control is taken into account, obviously it is not desired to have only unusable fake configuration which doesn’t give any flexibility at all. So whether transparent method is enough is greatly determined by what is the major concerned scenario.
Proposal 2: Before determining whether transparent UE behaviour is enough for different UL-DL configuration, the target scenario should be first clarified. If coexistence with existing network is the only one concerned, transparent method seems good enough. If other scenario is taken into account, introducing non-transparent mechanism can be considered then.

Whether simultaneous TX and RX is supported

    To support simultaneous TX and RX, first non-transparent method should be introduced. As discussed above, introducing non-transparent method should be based on better efficiency. Therefore, simultaneous TX and RX is the best efficient one as no subframe is wasted. The concern for supporting simultaneous TX and RX comes from the extra complexity/cost of filter as originally they can be implemented with looser requirement. Furthermore, RAN4 work is required to define a new requirement for this feature. A LS[1] was sent to RAN4 to confirm whether the feature is feasible so it is better to pending such discussion until RAN4 reply. If positive reply from RAN4 is received, simultaneous TX/RX should be adopted.
    On the other hand, if simultaneous TX and RX are not allowed, how to handle the conflict subframe with different subframe types among cells becomes an issue. Currently fixed, semi-statical, or dynamic determinations are proposed.  Note that inefficient subframe waste is still there as we have in transparent method. Under such perspective, it doesn’t help at all to have a fixed determination, such as aligning the subframe type to primary cell, because the inefficency is not improved at all. For the changeable determination, though the unusable subframe is still there, eNB can adjust the conflict subframe type according to the current traffic to provide some flexibility. Considering no major specification impact between the two ways, dynamic determination is better considering it fits the current traffic better. 
Proposal 3: Under the assumption that there will be non-transparent mechanism, if simultaneous TX and RX are considered feasible from RAN4 perspective, it should be adopted as it prevents the inefficiency in the transparent method. If simultaneous TX and RX are not feasible, dynamic determination of subframe type in the conflict subframe should be considered instead for its fast adaptation to the current traffic to allow certain flexibility.
Comparisons among the non-transparent methods
For simultaneous TX and RX, the drawback comes from extra hardware complexity and RAN4 requirement for the filter, while for non-simultaneous TX and RX, there is no such drawback. From RAN1 point of view, cross carrier scheduling becomes an issue for all the non-transparent methods as how to associate the HARQ RTT timing from one cell to another with different UL-DL configuration is not clear now. Another possible drawback for non-simultaneous TX and RX is that new HARQ RTT timing may be considered even for self scheduled case as some DL subframe might not be available due to conflict and results in some subframe cannot be scheduled. Regarding the RAN2 impact, as the HARQ association is done in physical layer, no HARQ corresponding issues need to be solved in RAN2. One thing might be impacted is the DRX operation as currently all the cells share the same DRX timing and for different TDD UL-DL configurations it might not hold any more. Another minor impact is that new signalling should be introduced for conflict subframe determination if it is go trough RRC.
Below, we summarize the possible impact on complexity, specification impact and also work of other group for those non-transparent methods.
	
	Hardware Complexity
	Specification impact (RAN1)
	Impact on RAN2
	Impact on RAN4
	Benefit

	Simultaneous TX and RX
	Extra complexity on the filter design
	New HARQ RTT timing might be introduced

· for cross-carrier scheduling case


	DRX operation
	New requirement for the filter needs to be developed
	No waste of subframe as each cell can perform UL/DL transmission according to its subframe type

	Non-simultaneous TX and RX and dynamic determination of conflict subframe
	Same as Rel-10
	New HARQ RTT timing might be introduced

· for both self-scheduled case and cross-carrier scheduling case


	DRX operation

	None
	Waste of subframe as only one direction of transmission is allowed. Subframe type can be changed faster according to scheduling 

	Non-simultaneous TX and RX and semi-static determination of conflict subframe
	Same as Rel-10
	New HARQ RTT timing might be introduced

· for both self-scheduled case and cross-carrier scheduling case


	DRX operation
New configuration for conflict subframe type determination
	None
	Waste of subframe as only one direction of transmission is allowed. Subframe type is changed slower through RRC


3. Conclusion

In this contribution, we discussed the issues related to different TDD UL-DL configurations in inter-band CA UE. We think it should be the first thing to identify the scope of targeting scenario before we can merge to certain alternative. Thus we propose:
Proposal 1: Regarding the target scenario of different TDD UL-DL configurations, the baseline scenario is coexistence with the existing network. More study is needed regarding flexible deployment/traffic control is within the scope of consideration.

Proposal 2: Before determining whether transparent UE behaviour is enough for different UL-DL configuration, the target scenario should be first clarified. If coexistence with existing network is the only one concerned, transparent method seems good enough. If other scenario is taken into account, introducing non-transparent mechanism can be considered then.

Proposal 3: Under the assumption that there will be non-transparent mechanism, if simultaneous TX and RX are considered feasible from RAN4 perspective, it should be adopted as it prevents the inefficiency in the transparent method. If simultaneous TX and RX are not feasible, dynamic determination of subframe type in the conflict subframe should be considered instead for its fast adaptation to the current traffic to allow certain flexibility.
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