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1. Introduction

The LTE-Advanced requirements in [1] call for expanding the supported bandwidths up to 100 MHz. In RAN1#53bis it was agreed that carrier aggregation, where two or more component carriers are aggregated, will be considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz. In this contribution we consider the spectrum issues that need to be studied when designing carrier aggregation for LTE advanced. 

2. Discussion
For LTE Release, RAN WG4 agreed on specifying in total 6 bandwidths as shown in Table 1. The table also shows the spectrum utilization that is achieved for the different bandwidths. 

Table 1 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100

	Transmission bandwidth [MHz]
	1.08
	2.7
	4.5
	9
	13.5
	18

	Spectrum utilization [%]
	77
	90
	90
	90
	90
	90


The main limitations on the spectrum utilization come from the requirements to fulfilling the spectrum masks which sets requirements on the maximum allowable out-of-band emissions. In order to meet the masks, filtering of the output signal is needed and with practical implementations a spectrum utilization of about 90% was agreed by RAN4. Studies showed that a slightly higher utilization would have been possible at the largest channel bandwidths. 
A simple way of doing carrier aggregation is to place the aggregated carriers with BWChannel frequency separation as shown in Figure 1 where five 20 MHz carriers are aggregated with 20 MHz frequency separation to achieve a total transmission bandwidth of to 100 MHz, leaving 2 MHz of guard band between each component carrier. 
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Figure 1 Carrier aggregation to 100 MHz with guard bands between component carriers
In a coordinated deployment, guard bands are not needed as long as the component carriers are transmitted and received with the same power, timing and the orthogonality between the signals is maintained. The latter can be achieved by placing the component carriers on the sub-carrier grid. In the DL fulfilling these conditions is easy since the point of transmission is the same for all component carriers. For the UL power and timing control needs to be implemented to fulfill these two conditions, but carrier aggregation is no different to frequency multiplexing the UEs in the frequency domains as already done in LTE Release 8. 

Since guard bands are not needed between component carriers, the guard bands between the component carriers could potentially be utilized for data transmissions, but the problem with this way of aggregating component carriers is that the guard bands at the spectrum edges do not scale with the bandwidth making transmission signal filtering chenllenging. This means that implementing a single wide band transmitter is not feasible and the component carriers likely need to be individually generated and filtered before being combined. Putting the component carrier closer together allowing for more guard bands at the edges of the frequency band enables the signal to be generated with a single FFT while making the filtering still possible. The extreme case where all available guard band is moved to the outer edges of the carrier aggregation is shown in Figure 2. Note that in order to put each component carrier on both the 15 kHz sub-carrier grid and the 100 kHz frequency raster, there will be some unused sub-carriers between each component carrier.
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 Figure 2 Carrier aggregation to 100 MHz with no guard bands between component carriers
The achievable spectrum utilization is as argued implementation dependent, but also depends on the deployment scenario and regulatory requirements applicable to the frequency bands used. New spectrum masks requirements need to be considered when introducing higher channel bandwidth, but existing methodology is expected to be reused to a large degree. RAN4 is responsible for such discussions and RAN4 guidance should therefore be sought before RAN1 starts elaborate studies on increasing the spectrum utilization for larger bandwidths. 
3. Conclusion
In this document we have addressed some issues related to spectrum utilization in LTE-Advanced. It is recommended that RAN4 is consulted at an early stage on the achievable spectrum utilization.
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