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1 Introduction

In recent contributions [1] and [2], we have evaluated the possibility to employ contiguous carrier aggregation in an 80MHz (4x20MHz) downlink scenario with component carriers consisting of more than 100 RBs. After examination of the out-of-band emsission characteristics [2] and transmitter EVM and receiver BER [1] we concluded that support of 108 RBs per component carrier in the 80 MHz downlink scenario is feasible for scenario 1 in [3].

In this contribution we extend these results to other scenarios in [3] (scenario 2, 3, 4, 6, 10 and 11) where 2 and 5 contiguous aggregated component carriers of 20MHz appear, see Table 3. We conclude that for the 4x20MHz and the 5x20MHz cases, the number of RBs can be chosen up to 108, while satisfying out-of-band emission and ACLR limitations along with EVM limitations. For the 2x20MHz case, the number of RBs can be chosen up to 108 if additional filtering is allowed – 104 RBs are feasible with the same filtering effort as in LTE.

2 Simulations results: EVM, ACLR and compliance with a spectral mask
The transmitter we evaluate is illustrated in Figure 1 while Table 1 shows the parameters used for the design of the spectrum-shaping baseband FIR filters. For each of the evaluated scenarios the baseband digital spectrum-shaping FIR filter follows from a Parks-McClellan equiripple design having a 50dB stopband attenuation (resulting in sufficient headroom for other impairments) and a passband ripple of 0.1 dB. The passband and stopband frequencies in Table 1 reflect, respectively, the frequency of the outermost subcarrier and that of the outermost 20MHz channel’s edge, relative to the outermost component carrier’s center frequency. This ripple causes the EVM-contribution of these filters to be roughly the same (0.8%) for each of the scenarios.
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Figure 1: Transmitter architecture.

Table 1: FIR filter design characteristics. The sampling rate is 30.72MHz. 
	
	2x20MHz

(104 RBs)
	2x20MHz

(108 RBs)
	4x20MHz

(108 RBs)
	5x20MHz

(108 RBs)

	Component carrier spacing [MHz]
	18.9
	19.5
	19.5
	19.5

	Unused sub-carriers
	11
	3
	3
	3

	Passband ripple [dB]
	0.1
	0.1
	0.1
	0.1

	Stopband attenuation [dB]
	50
	50
	50
	50

	Passband, 

up to frequency [MHz]
	9.3675
	9.7275
	9.7275
	9.7275

	Stopband, 

from frequency [MHz]
	10.55
	10.255
	10.75
	11

	Filter length
	57 taps

(1.86 us)
	128 taps

(4.17 us)
	66 taps

(2.15 us)
	53 taps

(1.73 us)


Table 2: Simulation parameters.

	Item
	Value
	Comment

	Cyclic prefix
	144/160 [samples]
	Normal CP

	Modulation
	64 QAM
	

	Sample Rate
	30.72 [MHz]
	

	Over sampling ratio
	4
	

	FFT Size
	2048 for each component carrier
	

	BS maximum TX power
	46 [dBm/carrier]
	

	Number of RBs in each carrier
	108 or 104
	See details in [3]

	Digital BB signal representation
	Floating point
	

	Power amplifier modelling
	1 dB compression point output power at 57.4dBm, saturation output power is 65.7dBm
	See details in [3]

	Power amplifier gain
	23 dB
	

	Power amplifier input
	23 dBm
	

	Non-linear modeling
	11.4dB back-off from 1dB compression point
	

	PAPR reduction
	None
	

	Time/Frequency Error
	Not modelled
	Assume perfect time/frequency synchronization

	Image and IMD rejection 
	Not modelled
	Not within scope of this Tdoc


Table 2 summarizes the remaining simulations assumptions. Note in particular that the power amplifier is modelled as in our previous contribution [1] and that, in contrast to [1], we now assume a normal length of the CP. 

Finally, Table 3 shows the simulations results. We observe the following

1. EVM due to spectral saping and power amplifier can be kept below 2% (the slight improvement over the results in [1]for the 4x20MHz scenario are due to rigorous adoption of the EVM method in [4], Annex E). For the current EVM-requirements in LTE (8% for 64QAM), this leaves an EVM-budget of over 6% for the few other a transmitter components not modelled in the current simulations.

2. The current ACLR-requirements are met with 4dB margin.

3. The current spectral shaping mask is satisfied with over 14dB margin.

4. The filter length for the 2x20MHz scenario is significantly larger than for the other ealuated scenarios, a feature caused by the small width of the guardbands. 

Table 3: Results.

	
	EVM
	ACLR (to first adjacent LTE channel)
	Margin to spectral mask  @10MHz
	FIR filter length

	2x20MHz (104 RBs)
	1.7 %
	49 dB
	14.5 dB
	1.86 us

(57 taps)

	2x20MHz (108 RBs)
	1.7 %
	49 dB
	14.1 dB
	4.17 us

(128 taps)

	4x20MHz
	1.7 %
	49 dB
	14.5 dB
	2.15 us

(66 taps)

	5x20MHz
	1.7 %
	49 dB
	14.6 dB
	1.73 us

(53 taps)


Conclusions

In this paper, transmitter performance is evaluated for three carrier aggregation scenarios. We conclude that support of 108 RBs per component carrier in the 80MHz and 100MHz downlink scenarios is feasible along with the support of at least 104 RBs per component carrier in the 40MHz downlink scenario. In the latter scenario, support of 108 RBs might be feasible at the expense of longer spectrum shaping filters.
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Appendix: Power spectral densities of the emitted signals
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Figure 2: Power density of the 2x50MHz signal (top), the 4x20MHz signal (middle) and the 5x20MHz signal (bottom) along with the spectral mask.
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