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1 Introduction
In RAN4 #49bis meeting, there was a proposal on the work plan for LTE-A feasibility studies [1]. This work plan includes the carrier (or resource) aggregation combination and BWs as possible study items in RAN4. Basically, our view is that we should keep a backward compatibility in mind during RAN4 discussion for those items. There are two types of downlink carrier aggregation, i.e, non-contiguous downlink carrier aggregation and contiguous downlink carrier aggregation. In case of the non-contiguous downlink carrier aggregation, LTE UEs would be supported in each component carrier without considerable changes in the legacy LTE specification. For the contiguous downlink carrier aggregation, we observed some considerable points to support the backward compatibility and to reduce a complexity of transmitter/receiver. In this contribution, we present our investigation especially for contiguous downlink carrier aggregation.
2 Contiguous carrier aggregation in LTE-A DL
Figure 1 shows an example of contiguous downlink carrier aggregation composed of two component carriers. Channel BW of two carriers are assumed to be 20MHz, respectively. Component carrier of 20MHz channel BW would have transmission BW of 18MHz excluding DC sub-carrier. If the synchronization channels of 6 RBs (1.08MHz) are included, they would be allocated in each component carriers to support the initial access of LTE or LTE-A UEs. DC carriers are located in the centre of each component carriers and a sub-carrier spacing is assumed to be 15kHz. Two 1.985MHz guard bands are located at the both side of the two component carriers. Finally, we assume that a single IFFT is used at LTE-A BS transmitter in consideration of an implementation complexity.
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Figure 1. Example of 40MHz contiguous downlink carrier aggregation
(20MHz + 20MHz) when SCH is included
In this Figure, we can see that it has following problems.
· Problem 1: Signals transmitted from LTE-A BS in the neighbouring component carrier (red in Figure 1) would act as interference to 20MHz LTE UE in one component carrier because of the signals penetrating into the RX band through transition region.
· Problem 2:
DC sub-carriers in each component carrier are not on multiples of 100kHz frequency raster, which mean that LTE UEs in each component carrier cannot achieve initial access (Interval between two DC sub-carriers are 18.015MHz, which is not multiples of 100kHz frequency raster).
So we can conclude that the use of middle guard band between adjacent component carriers is inevitable in case of the contiguous carrier aggregation. In addition, the middle guard band should be configured to support the backward compatibility, i.e. DC sub-carriers are located on multiples of 100kHz frequency raster.
Figure 2 illustrates another example with a middle guard band, where the guardband at each side of the component carriers follows the LTE numerology. Except for the insertion of the middle guard band, the corresponding changes in edge guard bands, and the number of IFFTs at LTE-A BS transmitter, other assumptions are same with Figure 1. The interference from the neighbouring component carrier is mitigated by using the middle guard band. We note that this configuration is possible by using two IFFTs, respectively. It is impossible to implement this example by using a single IFFT since the middle guard band is not a multiple of 15kHz sub-carrier spacing.
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Figure 2. Example of 40MHz contiguous downlink carrier aggregation
(20MHz + 20MHz) when SCH and the middle guard band is included
This means that the complexity of transmitter/receiver cannot be reduced by using a single IFFT. Our understanding is that the implementation to reduce the complexity of eNB TX/ UE RX should not be limited by the middle guard band configuration since the implementation complexity would be an important factor in LTE-A development. Thus there is a following problem in this example.
· Problem 3: 
If the design of middle guard band is not applicable for a single IFFT/FFT implementation, it would limit the possible implementation to reduce the complexity in eNB TX / UE RX.
Based on two examples above, we can observe following considerable issues for the middle guard configuration. 
· Interference between the neighbouring component carriers
· To place DC sub-carriers on100kHz  frequency raster
· Single IFFT/FFT implementation in the transmitter/receiver, respectively 
(Interval of DC sub-carriers to be multiples of 15kHz sub-carrier spacing)
From above considerations, we can make a following conclusion.
· Middle guard band should be designed to make DC sub-carriers between adjacent component carriers be multiples of 300kH
3 Conclusion
In this contribution, we investigated the problems for the cases that multiple component carriers are contiguously aggregated in LTE-A downlink. We addressed the important points for the middle guard band design. The first point is the interference between the neighbouring component carriers. The second one is to place DC sub-carrier in each carrier component. The last one is an implementation of a single IFFT/FFT in the transmitter and receiver, respectively. Based on the above consideration points and the conclusion, the configuration of the middle guard band needs to be further investigated.
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