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1 Introduction

Bandwidth expansion beyond 20 MHz is in LTE-Advanced facilitated by means of carrier aggregation. As described in [1], we anticipate it is possible to use component carriers consisting of more than 100 RBs thereby improving the spectrum utilization for LTE-Advanced.

This contribution contains a number of initial evaluations of the bandwidth utilization for contiguous carrier aggregation, in particular for the downlink of scenario 1 in [2]. Thus, these investigations are related to paragraphs 4.2.3.2.8.2 Channel bandwidth scalability, 4.2.3.2.8.5  3-dB bandwidth and 4.2.3.2.23.5 Spectral mask of the ITU template, referred to in [3].
The main purpose of these investigations is to evaluate whether improving the spectrum utilization will incur any issues with out-of-band power emissions. With respect to this, the results show that a carrier aggregation utilizing component carriers with 108 RBs is feasible in an 80 MHz downlink channel.
2 Numerical evaluations
2.1 Evaluation methodology and models
The evaluations aim to determine the suitable transmission bandwidth configuration (in RBs) for contiguous carrier aggregation. We assume that all aggregated component carriers have the same number of RBs and that a component carrier contains an even number of RBs, which is further described in [1]. Thereto, the channel bandwidth is assumed to be symmetrically located around the center frequency of the transmission bandwidth. In these evaluations we assume the following conditions so that the number of RBs per component carrier is determined by that;

· all RBs have 180 kHz bandwidth 

· not more than 110 RBs per component carrier are used, and 

· the center frequencies of the constituent carriers are located on a 300 kHz raster.
Table 1 contains different options for component carrier configuration considering the above conditions, where the component carriers have been located with minimum center frequency separation to maximize the guard band. Note that the guard band can become larger than for the LTE reference case.  
Table 1. Possible component carrier configurations for 80 MHz downlink channel bandwidth.
	
	LTE [20 MHz]
	LTE-Advanced [80 MHz]

	Number of RBs
	100
	4*100=400
	4*102=408
	4*104=416
	4*106=424
	4*108=432

	∆fc [MHz]
	N/A
	18.3
	18.6
	18.9
	19.2
	19.5

	 No. of unused subc. between carriers
	N/A
	19
	15
	11
	7
	3

	Guard band [MHz]
	0.9925
	3.5425
	2.9125
	2.2825
	1.6525
	1.0225

	Spectrum util.
	90%
	90%
	91.8%
	93.6%
	95.4%
	97.2%


In addition to the above conditions, the number of RBs must also be chosen such that, e.g., the out-of-band emissions can be controlled, which is evaluated by simulations. 
For out-of-band emissions, we will utilize the LTE requirements and perform corresponding simulations. For the downlink, three different LTE requirements [4] are studied; occupied bandwidth, ACLR and a spectral emission mask. For the latter, we assume the spectral mask for 20 MHz, Cat A, (E-UTRA bands > 1 GHz) given in [4, Table 6.6.3.1-6] which in a multi-carrier system applies to the lowest and highest carrier channel bandwidth edges. 

Typically, an OFDM signal cannot be transmitted without some form of spectral shaping, e.g., transmit filtering or pulse shaping. Which method to choose is an implementation issue and in these evaluations we assume a FIR filter based on a windowed raised-cosine pulse. Non-linear effects of the power amplifier are also considered in the evaluations. A block diagram of the evaluation model and corresponding descriptions are contained in the appendix.
2.2 Numerical results 
Evaluations have been performed for the 80 MHz downlink configurations contained in Table 1. In the following, we include the results for component carriers comprised of 108 RBs and also a LTE reference case. 

Occupied bandwidth

For 4*108 RBs, the occupied bandwidth was 77.1 MHz, which is less than the channel bandwidth [4]. For the 100 RB LTE reference case, the occupied bandwidth becomes 17.7 MHz. 

Adjacent channel leakage ratio (ACLR)

Table 2 contains ACLR results for UTRA and E-UTRA (20 MHz) channels.
Table 2. ACLR [dB] for UTRA and E-UTRA channels
	Configuration
	2nd adjacent UTRA channel
	1st adjacent UTRA channel
	1st adjacent E-UTRA channel
	2nd adjacent E-UTRA channel

	LTE: 100 RBs
	56.2
	52.4
	48.8
	66.6

	LTE-A.: 432 RBs
	62.1
	58.9
	55.4
	72.2


It was found that the absolute powers in the adjacent channel are very similar for the LTE and LTE-A cases. However, the LTE-Adv signal comprises 4 component carrier, hence the power in the desired channel is 6 dB larger than for LTE, therefore we see larger ACLR values in the tables above. In addition, as can be seen in Table1, the 4*108 RB configuration results in a slightly larger guard band than for LTE. 
Spectral emission mask

Fig. 1 shows a power spectral spectrum (green) of the generated LTE-A signal and the spectral emission mask (red). The green curve is the filtered power spectral density according to [4]. Fig. 2 shows the same curves for the LTE reference case. The discontinuity in the green curve is due to the change to a wider measurement filter bandwidth according to the definition of the mask.
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Figure 1. Filtered power spectrum (green) and spectral mask for 4*108 RBs.
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Figure 2. Filtered power spectrum (green) and spectral mask for 100 RBs.
The figures show that the aggregated LTE-A signal can be confined according to this spectral mask.
Thus in conclusion, the results show that a component carrier with 108 RBs, could be used for contiguous carrier aggregation in the DL for a 80 MHz channel bandwidth while meeting the out-of-band emission requirements from LTE. 
3 Conclusions
The results in this contribution show that considering out-of-band power emissions, component carriers comprising 108 RBs could be supported in the 80MHz downlink for contiguous carrier aggregation. The receiver performance, considering potential interference between aggregated component carriers due to time-frequency errors and non-linearities may need further investigation.
Thus we propose that RAN4 proceeds to study component carriers with a transmission bandwidth configuration greater than 100 RBs, to be used for contiguous downlink carrier aggregation in LTE-Advanced (in scenario 1 and 2 [2]). 
The uplink case should also be considered in further studies.    
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Appendix

For the evaluations, each component carrier has been generated according to the block diagram of Fig. 3 and the component carriers have been superimposed to form an aggregated signal. In practise there might be combining losses, which have not been considered. 
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Figure 3. Block diagram of evaluation model.

A windowed raised-cosine filter is used for spectral shaping with a roll-off factor of 0.028 and 3 dB bandwidth of 20 MHz. A power amplifier model has been used with sufficient power backoff to comply with the out-of-band spectral requirements for the LTE signal with sufficient margin. In practise crest factor reduction (CFR) and digital pre-distorsion (DPD) techniques would be implemented, but have not been used in these evaluations. Not all filters present in a transmitter has been modelled neither have the used filters been particularly optimized. 
The following table contains the essential evaluation settings.

Table 2. Simulation settings.
	Item
	Setting

	Modulation
	QPSK

	Numerology
	According to 36.211,

15 kHz subcarrier spacing

	Oversampling rate 
	8

	Spectrum shaping
	Raised cosine FIR w. Hanning window, roll –off rate at 0.028

	Carrier frequency
	3.5 GHz

	Transmit power
	46 dBm/carrier
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Figure 4. Example of the power spectrum density for 4*108 RBs.
Fig. 4 shows an example of the power spectrum for the 4*108 RB signal. The non-linear effects of the power amplifier can here be seen in terms of the spectrum re-growth in the side band.

Fig. 5 depicts the amplitude response of the TX filter.
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Figure 5. Frequency Amplitude Response of the TX Filter













































































































































































































