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1 Introduction

In a recent contribution [1] we presented initial evaluations of the bandwidth utilization for contiguous carrier aggregation, with focus on the downlink of scenario 1 in [2]. We concluded that support of 108 RBs per component carrier in the 80 MHz downlink scenario is feasible and does not come with any issues related to out-of-band emission.

Having established the potential for higher spectral efficiency, questions remain as to other transmitter performance metrics than the spectral mask, and also to some backwards compatibility aspects. In this contribution, we address these. In particular, we evaluate

1. the transmitter error-vector magnitude (EVM) associated with the 80MHz downlink transmitted signal having four component carriers of 108 RBs each.

2. the receiver bit-error rate (BER) associated with an LTE-A UE receiving 4x 108 RBs from four aggregated component carriers transmitted by an  LTE-A eNodeB (feasibility).

3. the receiver bit-error rate (BER) associated with an LTE rel.8 UE receiving 100 RBs from a 108 RBs component carrier transmitted by an  LTE-A eNodeB (the issue of backwards compatibility). 

We address two sources of error at the transmitter that potentially jeopardize the system’s performance that can be measured by EVM: the spectrum-shaping transmit-filter and the non-linear power amplifier. Furthermore, we evaluate the baseband receiver filter as a third impairment (affecting only the BER). We will show that deterioration of the transmitter EVM is safely within reasonable limits, while no visible BER-deterioration is measured at neither an LTE Rel.8 receiver nor an LTE-A receiver.

For the sake of reference, note that other transmitter metrics have been assessed in-depth in earlier contributions [1]

 REF _Ref228241925 \r \h 
[2]

 REF _Ref228241926 \r \h 
[3]. In particular, the frequency spacing of the component carriers has been explored in [2]

 REF _Ref228241926 \r \h 
[3] while results in [1] show that the spectrum of aggregated component carriers can be well cotained within the out-of-band emission requirements defined by ITU or 3GPP.
2 Transmitter architecture and simulations results: EVM
2.1 Architecture and simulation assumptions

In the near future, it is realistic to assume that each component carrier shall be processed by an independent signal chain. In particular, capabilities of ADC sampling bandwidth limit other implementation architectures. We therefore explore here the transmitter architecture illustrated in Figure 1, and assume that sufficient time- and frequency synchronisation between component carriers is accomplished. 
For each component OFDM-carrier with 108 RBs (four times oversampled) a baseband FIR filter shapes the spectrum. We use an 88-tap Parks-McClellan equiripple filter design whose frequency response (magnitude) is shown in Figure 2. The specified bandwidth of this filter is larger than that typically used to shape an LTE Rel.8 signal.


[image: image1]
Figure 1: Transmitter architecture.
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Figure 2: Transmitter filter: an 88-tap Parks-McClellan equiripple filter with 0.01dB passband ripple.
After the two-stage modulation (assumed ideal) to the appropriate RF frequencies (separated 19.5 MHz, see [2]) and the RF image rejection filters there is one independent power amplifier for each component carrier. We model the gain compression characteristics of this power amplifier using a polynomial expression up to a saturation point 
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Where 
[image: image6.wmf]1

V

  is input signal, 
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 is the small signal gain, 
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 is the third-order gain coefficient, and  
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 is the higher odd-order gain coefficients. 
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is determined according to the 1dB compression point and  power output at saturation level (57.4 dBm and 65.7 dBm, respectively).
Table 1: Key simulation parameters.

	Item
	Value
	Comment

	Cyclic prefix
	512
	Extended CP

	Modulation
	QAM 64
	n/a

	Sample Rate
	30.72 MHz
	n/a

	Over sampling ratio
	4x
	n/a

	FFT Size
	2048 for each component carrier
	n/a

	BS maximum TX power
	46 dBm/carrier
	n/a

	Number of RBs in each carrier
	108
	See details in [2]

	Digital BB signal representation
	Floating point
	n/a

	Power amplifier modelling
	1 dB compression point output power at 57.4dBm, saturation output power is set to 65.7dBm
	For simulation modeling only, not realistic in practical. See details in section 2.1

	Power amplifier gain
	23 dB
	n/a

	Power amplifier input
	23 dBm
	n/a

	Non-linear modeling
	Equivalent to 11.4dB back-off from 1dB compress point
	3 dB above signal PAPR, which is 8.4dB for OFDM

	PAPR reduction
	None
	Non-linearity is modeled by reasonable amount of back-off 

	Spectrum shaping 
	Baseband FIR filtering
	See details in section 2.1

	FIR length
	88-tap
	See details in section 2.1

	Passband ripple / stopband attenuation
	0.01dB/50dB
	See details in section 2.1

	Pass band/Stop band
	9.7275MHz/10.745MHz
	Low Pass, FIR/Direct, equal ripple

	EVM measurement filter
	Same as Tx filter, to separate the target carrier signal 
	See details in section 2.2

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

	Image and IMD rejection 
	Not modelled
	Out of the scope of this simulation

	Carrier aggregation scheme
	4*20MHz
	See details in [2]


2.2 Simulations results

Table 1 summarizes the simulations assumptions. We evaluate the EVM in the scenario 1 of [2]. The EVM is to calculate the normalized errors between the reference signals and measured signals. Denoting the reference signal by 
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where the sums are taken over the resource elements residing in segments of the transmitted signal: we segment the 108 RBs in each comopnent carrier into 6 segmens consisting of 18 RBs each. In order to evaluate the EVM distributions across the 80 MHz frequency band, EVM is then measured for each of the 24 segments in the four component carriers.
Figure 3 shows the EVM resulting from linear (FIR filtering) and non-linear (power amplification) distortions. The ith segment of component carrier “X” is identified by ‘X_i’. One curve represents the EVM caused by the FIR filtering only, while the other curve represents the EVM caused by both FIR-filtering and the non-linear PA. Figure 4 illustrates the EVM in an eye-diagram of the 64QAM constellation. The left-hand figure shows the reference signal 
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, while the right-hand figure shows the contaminated signal constellation. 

We make two observations. First, as expected, the dominant source of EVM is the non-linear distortion caused by the PA. The 0.01dB passband ripple of the spectrum-shaping filter does cause some EVM but not as significant as that caused by the PA. Second, total EVM is roughly 2.2% over the entire band. This is well within the 8% currently specified as the maximum allowed limit for 64QAM modulation, clearly leaving headroom for impairments caused by other transmitter components that are assumed ideal in this study). The variation of the EVM across the frequency band is small ranging from 1.75% (the band edges) to 2.5%. 
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Figure 3: Impact of linear and non-linear distortions on EVM.
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Figure 4: 64 QAM  constellation: ideal (left) and contaminated (right).
3 Receiver architecture and simulations results: BER of LTE Rel.8 UE

3.1 Architecture and simulation assumptions

Two other remaining questions are 

1) Is there any BER performance loss associated with the extension of the bandwidth from 100 RBs to 108 RBs?

2) Can an LTE Rel.8 UE receive the inner 100RBs of a component carrier that is transmitted with 108 RBs, without noticeable performance loss? In other words, is the extension from 100 to 108 RBs transparent (backwards compatible) to LTE Rel.8 UEs?

To evaluate these two questions we assume the receiver architectures in Figure 5 (Rel. 8 UE) and 6 (LTE-A UE). The interesting receiver processing occurs at baseband (the other components are assumed to be ideal in this study) where the low-pass FIR filter differs depending on the type of UE. We employ the FIR-filters depicted in Figure 7 for this purpose. The left-hand picture shows the filter of an LTE Rel. 8 UE (90 taps Parks-McClellan design) and the right-hand side shows the receive-filter of an LTE-A UE (the same filter as employed in the transmitter, see previous section.)


[image: image19]
Figure 5: LTE rel.8 receiver architecture.

[image: image20]
Figure 6: LTE-A receiver architecture.
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Figure 7: Receive filters: Parks-McClellan equiripple filter with 0.01dB passband ripple. LTE Rel. 8. receiver with 90 taps (left) and LTE-A receiver with 88 taps (right).

3.2 Simulations results

3.2.1 Performance of an LTE-A UE with an LTE-A eNodeB

Figure 8 shows the BER curves for the reference LTE-A system (left) as well as for each of the four component carriers in the aggregation scenario (right). It is clear that the average BER is virtually the same for each of the four component carriers. Comparing with the reference curve in the left-hand figure we see that there is no perceived BER degradation due to inter-carrier interference. Similar results have been presented in [4].
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Figure 8: BER results illustrating the feasibility of carrier aggregation with component carriers employing 108 RBs.   

3.2.2 Backwards compatibility: Performance of an LTE rel.8 UE with an LTE-A eNodeB

We evaluate the performance of an LTE Rel.8 UE receiving the central 100 RBs from the 108 RBs in one of the component carriers. In this scenario, the FIR filter at receiver side is the one designed using the LTE rel.8 specifications as plotted in the left-hand side of Figure 7. Figure 9 shows the LTE UE performance along with the performance in an Rel.8 cell (100 RBs transmitted by the eNodeB). Note that there is no visible performance loss.  Hence we conclude, that there ar no backwards compatibility issues associated with operating component carriers at 108 RBs.
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Figure 9: BER performance illustrating the backwards-compatibility of carrier aggregation with component carriers employing 108 RBs.
4 Conclusions

In this paper, the EVM and BER performance are evaluated. Linear and non-linear distortions closer to practical implementation are included. We conclude that support of 108 RBs per component carrier in the 80MHz downlink scenario is feasible. 
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Appendix: 
In Figures 10-12 the left hand plots show the aggregated signal spectra and the right hand plots show the decomposed spectra, all for the 4*20 MHz contiguous carrier aggregation scenario. Figure 10 shows the spectra right after baseband FFT processing with 4 times over sampling. There is no interference between the four component-carriers marked in different colour. These spectra do not meet the out-of-band emission requirements. Figure 11 shows the spectra after baseband FIR filtering, now satisfying the spectral mask. Figure 12 shows the spectra after the non-linear power amplifier. 


[image: image26]
Figure 10: Power spectrum density without spectrum shaping.

[image: image27]
Figure 11: Power spectrum density after FIR spectrum shaping.

[image: image28]
Figure 12: spectrum density after FIR filtering and non-linear power amplifier.
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