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1. Introduction
In Rel-10, RAN1 decided to only use the intra-band CA (carrier aggregation) with same TDD configuration. However, in Rel-11, it was decided that the inter-band carrier aggregation being able to configure different TDD configuration would be discussed in WI of LTE CA enhancement. Therefore, this contribution provides our views on different TDD configuration in inter-band carrier aggregation.
2. Discussion
2.1. Usage of different TDD configuration in CA
In Rel-10, the different TDD configuration is basically not possible. For flexible resource utilization of each serving cell, the different TDD configuration in CA was introduced in previous RAN plenary meeting [1]. Therefore, if it is not configured with same or adjacent frequency band which is able to cause self-interference between UL and DL subframe in one TTI, different TDD configuration can perform the flexible data transmission supporting various purposes and deployment scenarios in Rel-11 TDD system. 
For example, when it is required for a serving cell (e.g. PCell) to support the heavy DL traffic (e.g. hot-spot region), it may be configured with TDD configuration 2 or 5 where the ratio of the DL-UL subframe is 4:1 and 9:1 respectively. As seen in figure 1, Macro eNodeB and eNodeB serving for hot-spot (e.g. pico eNodeB) in heterogeneous network (HeNet) are configured with two component carrier (CC) with different TDD configuration. In this scenario, in order to support the heavy DL traffic demand in hot-spot, TDD configuration#2 having more DL subframes than UL subframes (i.e. 4:1 DL-UL) would be beneficial to be configured for PCell (CC2) of eNodeB in hot-spot, and CC1 with TDD configuration#1 which is balanced to ratio of between DL and UL subframes could be also considered to cover the wide area in macro cell. Through this configuration, high DL data traffic in hot-spot can be controlled and also, vise versa. 
Also, since the UL and DL transmission in TDD is used by time division on the identical frequency band, in order to support the identical data rate to FDD, it needs the two times larger frequency band than that of FDD. In this case, to satisfy the same required SNR, TDD system would require additional about more 3dB transmission power than FDD system. By this point, the coverage of TDD system will have limitation in corresponding to this 3 dB. Therefore, in order to complement the cell coverage down size in TDD, it would be efficient to configure the TDD configuration with higher UL subframes ratio (i.e. TDD configuration 0) on lowest frequency band among configurable frequency bands by using different TDD configuration [2].
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Figure 1. Scenario with different TDD configuration on CA for flexible traffic load handling
In the above scenario, when assuming the CC 1 and CC 2 with different TDD configuration on inter-band frequency band, the only UEs with capability of inter-band CA would be possible to be aggregated with inter-band CCs (in case there are some UEs with capability of inter-band CA). However, if we focus on minimizing the UE implementation complexity and standardization impacts, corresponding UEs (i.e. different TDD configuration UEs) could be designed so that it is performed by only one TDD configuration even if LTE network is configured with different TDD configuration. In this case, UEs could not recognize actual DL/UL subframe timing on each CC (especially SCell). Of course, though it can be controlled by eNodeB’s scheduling for data transmission (i.e. eNodeB do not allow the data transmission to UEs on corresponding subframe(s) which is not aligned for DL/UL timing between aggregated CCs as shown figure 2), UE behaviors related with measurement (e.g. RSRP, RSRQ, RLF and so on) would be significantly impacted due to no information about actual CRS transmission timing, and the HARQ operation could be also restricted especially for TDD configuration #0. As a result, our observation would be that for Rel-11 UE which supports the different TDD configuration, to indicate the actual TDD configuration has much benefit and performance gain compared to that of UE without actual TDD configuration. The following is our proposal:
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Figure 2. Example of miss-matched DL-UL timing in case of different TDD configuration
Proposal 1: In order to have the full performance gain by using different TDD configuration, we propose to indicate the actual TDD configuration to UEs. Detailed signaling methods are FFS.
2.2. Further considerations on different TDD configuration
In Rel-10, TDD CA has been designed with same TDD configuration for aggregated CCs. So, all the mechanisms related with TDD CA are based on same TDD configuration for aggregated CCs in Rel-10. However, if the different TDD configuration is non-transparently configured in UE side, there would be some standardization impacts which should be considered additionally. Especially, the timing related issues (e.g. HARQ ACK/NACK, PDCCH scheduling …) could be considered for supporting different TDD configuration. Accordingly, in this section, the timing related issues which could be considered in different TDD configuration will be discussed focusing on HARQ ACK/NACK timing and cross-carrier scheduling case. 
HARQ ACK/NACK procedure
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Figure 3. Consideration of current HARQ timing on different TDD configuration
As seen figure 3, it shows an example related with HARQ ACK/NACK timing on different TDD configuration. If the transmission of HARQ ACK/NACK is maintained on only PCell as Rel-10’s agreement, for different TDD configuration, the HARQ ACK/NACK timing corresponding to PCell should be also considered for transmission of HARQ ACK/NACK corresponding to transmitted data transmission (e.g. PDSCHs) on all configured CCs in Rel-11. If so, as figure 3, DL subframe#9 and 4 on SCell (i.e. red DL subframes) can not be linked to UL subframe#3 and 8 on PCell, respectively since subframe#3 and 8 on PCell is not the UL subframe that is, there is no UL transmission in these subframes on PCell. Therefore, in order to solve this timing related problem, we may have two design methods for the support of different TDD configuration where the first one is to avoid the scheduling in the subframes with the problem related with timing issue, the second is to introduce the new timing. Both methods have the merit and demerit that are the resource waste, standardization impact, UE complexity, performance improvement and so on. Accordingly, we think it needs to prioritize the above consideration points to obtain the performance improvement by different TDD configuration.
Cross-carrier scheduling
In Rel-10, for cross-carrier scheduling it was mainly discussed for the purpose of interference coordination in HeNet. And it is also possible to be used for enabling the PDCCH transmission on certain serving cell in case of inter-band CA. However, if the PDCCH transmission is scheduled on certain serving cell (e.g. PCell) for data transmission of other serving cell, to transmit the DL grant for some subframes on SCell may not be possible due to different TDD configuration. In figure 4 and 5, this problem is shown as example.
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Figure 4. Scenario of no DL grant in case of cross-carrier scheduling enabled
First of all, if we see the figure 4, it is assumed that there are two configured CCs with different TDD configuration (PCell : TDD configuration#0, SCell : TDD configuration#2) and DL/UL grant for SCell is scheduled by PCell (i.e. cross-carrier scheduling is performed by PCell). In this case, since the number of DL subframes on PCell is less than that on SCell, there is no opportunity to schedule the PDSCHs on SCell due to absent DL subframes on PCell (i.e. red subframe#4, 5, 8 and 9 on SCell). Therefore, if we don’t provide any handling methods for this problem, these four DL subframes on SCell would be waste resource when different TDD configuration and cross-carrier scheduling is enabled. Most easy solution would be that cross-carrier scheduling is not allowed for different TDD configuration. However, we can think it would not be fundamental solution for this issue. So, we need to discuss further detail.
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Figure 5. Scenario of no UL grant in case of cross-carrier scheduling enabled

In figure 5, it is also configured with different TDD configuration and cross-carrier scheduling based on PCell in TDD CA like example in figure 4. In this case, the UL grant timing defined by current Rel-10 TDD principle would be performed by PCell’s UL grant timing. So, if it does that, there would be some problems in miss-matched subframes between PCell and SCell. Even if the ratio of DL subframes on PCell is more than that of SCell where it seems to have more opportunity for UL grant, there would be waste of UL resources on SCell because there are no UL grant timing on PCell configured with cross-carrier scheduling for SCell’s PUSCH transmission.
Based on above problems, it seems that for different TDD configuration all UE having capability of different TDD configuration would experience the increase of complexity in terms of UE implementation and, any modification would be needed for standardization in Rel-11. However, if it should maintain the Rel-10 principle for less-standardization effort and low complexity, we think the performance gain which can be obtained by allowing the different TDD configuration would be significantly reduced. Therefore, it is required to need to further study the solutions for the enhancement of different TDD configuration while the current Rel-10 mechanism is reused as much as possible. 
Proposal 2: For fully supporting the different TDD configuration, study the solutions for enhancement in CA with different TDD configuration, especially for timing related issues.
3. Conclusion
This contribution discusses the usages and issues by different TDD configuration on inter-band CA in Rel-11. We propose as below:
Proposal 1: In order to have the full gain by using different TDD configuration, we propose to indicate the actual TDD configuration to UEs. Detailed signaling methods are FFS.
Proposal 2: For fully supporting the different TDD configuration, study the solutions for enhancement in CA with different TDD configuration, especially for timing related issues.
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