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1 Introduction

RAN4 has agreed that the carrier spacing between normal Rel-8 component carriers in case of contiguous carrier aggregation to be multiple of 300 kHz so that multiple carriers can be aggregated in a spectrum efficient way [1]. When considering the number of different component carriers to be aggregated, one key issue is to shape the spectrum of the aggregated carriers so that the out-of-band emissions can be met with certain level of distortion measured by EVM. This paper summarizes some the key factors that have been presented in different references.
2 Spectrum Shaping for Contiguous CA
Fig. 1 illustrates the transmission bandwidth configurations for contiguous CA at eNodeB where two smaller component carriers are placed at each edge of the channel. The guard band for edge carrier shall be well scaled to its transmission bandwidth, for example, following the LTE Rel-8 configurations. The central carrier has relatively large guard band considering the othogonality between component carriers. This has been marked as GB2 in Fig. 1, which actually includes the guard band plus the transmission bandwidth for the edge carrier.

[image: image1]
Fig. 1 Transmission Bandwidth Configuration for Downlink Contiguous Carrier Aggregation

Spectrum shaping can be applied to the aggregated carriers as a whole using one filter, which results in filtering a signal with increased bandwidth at high sample rate. In this case the guard band required for the filter to roll off is large.

Alternatively, spectrum shaping can be done for each component carrier separately. In this case, each carrier can be filtered at lower sample rate. Because the central carrier doesn’t need dedicated guard band, the total guard band required for the aggregated carriers is equivalent to the guard band required for the edge carriers. In case a carrier with small transmission bandwidth is placed at the channel edge, the bandwidth reserved for guard band is small. 
To further elaborate this method, we show how to shape the spectrum of an aggregated carrier with 5MHz carrier at the channel middle and two 3MHz carriers at each edge of the channel. This scenario is for illustration purpose only.
3 Just an Example: 3MHz+5MHz+3MHz
In this example the 3MHz component carrier is placed at each edge of the channel, and their central frequencies are spaced to be 3.9MHz away from the central frequency of the 5MHz component carrier. There are 19 unused sub carriers between the 5MHz and 3MHz component carriers. The total channel band width is 10.5MHz, while the guard band at each side of the channel is 0.1425MHz, which is the same for the edge 3MHz component carrier following LTE Rel-8 channel configuration.

Fig. 2 shows how to shape the spectrum of each component carrier separately, and the process is quite self-illustrative. The sample rate for each component carrier is different because of the different transmission bandwidth. The final aggregated signal is generated by aligning the sample rate and placing the spectrum at the appropriate central frequency. In the appendix section of this paper the relations between the parameters that impact the design of spectrum shaping filters are plotted in 3 figures. 
Fig. 3 shows the spectrum shaping filters following the specification of LTE Rel-8. Fig.4 shows the EVM introduced by filtering. By setting the same pass band ripple to be 0.1dB for the 3 filters, the EVM is approximately 0.83% across the whole channel. Because the central component carrier can be regarded to have a large guard band, the spectrum shaping filer can have large bandwidth to roll off. 
The inter-component carrier interferences introduced by group delay of the spectrum filters have been proved to be very small and can be neglected.
4 Conclusions

This paper shows that the component carrier located at channel edge in case of the contiguous carrier aggregation can be regarded as the pseudo-guard band for the component carriers located at the middle of the channel. 
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Fig. 2: Spectrum Shaping for 3MHz+5MHz+3MHz
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Fig. 3: Same distortion for edge carriers and central carriers
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Fig. 4: EVM introduced by FIR filtering
Appendix: FIR Design 

Low pass FIR filtering has been widely selected for out-of-band emission suppression. The equiripple method in which the Remez iteration is employed has been widely used to optimize FIR design. Key parameters required for FIR design in the method includes: sample rate, pass band, stop band, pass band ripple, and stop band attenuation. 
EVM is mainly determined by pass band ripple, or the flatness of frequency-amplitude response. The EVM value is linearly proportional to pass band ripple, as shown in Figure A.1. Assuming EVM budget for FIR spectrum shaping is around 1%, pass band ripple can be set to 0.1dB.

When stop band attenuation is fixed, the relations between the lengths of FIR filter and pass band ripple is shown in Figure A.2. When pass band ripple is larger than 0.1dB, FIR length grows quickly. 

Finally, the relations between filter length and stop band attenuation is shown in Figure A.3 by varying the guard band. It can be shown that the length of FIR filter increases quickly if the guard band becomes small, especially when the guard band is below 500 kHz for a total channel of 10 MHz.
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Figure A.1: EVM versus pass band ripple 
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Figure A.2: FIR length and pass band ripple
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Figure A.3: Relations between stop band attenuation and FIR length
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