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1. Introduction 
The carrier aggregation (CA) is the key feature of spectrum utilization enhancement in LTE-Advanced. When CA architecture is employed in inter-band non-contiguous scenario, each carrier component may have different carrier frequency offset. According to contributions [1][2], the non-coherent CFO will impact the OFDM modulation performance. Therefore, this contribution suggests taking the impact of non-coherent CFO into consideration.
2. Discussion
According to the technical report TR 36.815 [3], the twelve deployment scenarios are provided both in transmitter and receiver. These scenarios could be divided into two classes: the intra-band and inter-band. The intra-band is carrier frequency in the same operating band, and the inter-band is carrier frequency that separated into two or more different operating bands. In these two classes, the RF characteristic also classified in TX and RX that defined in the TR 36.815[3]. The first is option D for TX characteristic in inter-band and non-contiguous scenario, and the second is option B for RX characteristic in inter-band and non-contiguous scenario. These could be referenced in Figure 5.3.2.1-1 and Table 5.3.3-1. For inter-band non-contiguous scenario, it is provided with the two or multiple centre carrier frequency to aggregate them in one wider bandwidth. This approach needs two or more receiver or transmitter for dealing with each carrier frequency. Each centre carrier frequency will be contributed itself CFO distortions. These increasing frequency offset errors will incur more SNR loss. Therefore, the inter-band and non-contiguous CFO effects due to frequency mismatch of received side and transmitted side should be treated more carefully than intra-band with single transmitter or receiver. The CFO in inter-band non-contiguous CA scenario is illustrated in Fig. 1.
In accordance of the specification TS 36.101[4], the UE modulating carrier frequency shall be accurate within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B. For instance, the 2.6 GHz center carrier frequency is tolerated the offset between receiver and received DL signal in 260 Hz range. Therefore, the CFO effects should not be over this acceptable range. 

For investigating these facts more clearly as mentioned above, the simulation results in [1] and [5] show as below. As reference [1], the SNR loss is becoming larger proportional to frequency errors in QPSK, 16QAM, and 64QAM. For example, in 64QAM when frequency error equals 0.1 PPM, SNR loss reaches 3dB with acceptable EVM 8%. When frequency error increases into 0.12 PPM, the SNR loss reaches almost 6dB. Finally, the frequency errors increase into 0.15 PPM and 0.2 PPM, the SNR loss will be over 12 dB. These trends are shown in Fig. 2. According to the second simulation results, the reference [5], under AWGN and ITU PedB with perfect channel estimation, simulations show that carrier frequency errors could be sensitive to the OFDM system [5]. These results could be analogized to similar CFO effects in CA scenario that each CFO effect of inter-bands non-contiguous CA will be contributed itself offset to degrade the performance obviously. 
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Fig. 1: The CFO in inter-band non-contiguous CA scenario
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Fig. 2: EVM vs. SNR loss in different non-coherent CFOs for 64QAM case
Observation
For the better performance, the CFO errors are recommended to be reduced into tolerance accuracy range in the inter-band and non-contiguous scenarios. The frequency errors should be compensated for reducing SNR loss.
3. Conclusions
This contribution suggests considering the impacts of CFO effects in inter-band and non-contiguous scenario. For reducing the CFO errors in this case, it could improve the performance within reasonable range.
Proposal:

· For the better performance, the CFO errors are recommended to be reduced into tolerance accuracy range in the inter-band and non-contiguous scenarios. The frequency errors should be compensated for reducing SNR loss.
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