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1. Introduction

In previous contributions [1, 2], we have presented analyses on link performance degradation caused by node-B modulation error in HSDPA data transmission. Those analyses used AWGN channel model and the effect of fading and mobile speed in the real world had not been taken into account. In this contribution, we extend the modulation accuracy study to Rayleigh fading channels. We use channel models that incorporate multipath and Doppler power spectrum at low (3 km/hr) and medium (30 km/hr) speed. The conventional RAKE receiver is assumed for the case of multipath channels. 

2. Method of Analysis

Let 
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represent the received power spectral density of signals transmitted by the HSDPA serving note-B and 
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the received noise and power spectral density from other cells. Also let us denote 
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. The averaged value of 
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 over time, denoted by 
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, is location dependent and is the so called geometry factor. If the serving note-B is free from modulation error, the average signal-to-noise ratio (SNR) per symbol at the UE receiver is proportional to the geometry factor 
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. However, when the modulation at node-B is not perfect, a portion of its transmitted power is perceived as noise at the UE receiver. Conventionally, we use
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to represent the part of energy from the serving node-B that is useful for signal decoding and 
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 stands for the part of the energy that results in self-interference due to modulation error. In the case of modulation error, the average SNR at the receiver is proportional to
	
[image: image9.wmf](

)

(

)

ú

û

ù

ê

ë

é

+

-

=

ú

û

ù

ê

ë

é

+

-

=

1

1

ˆ

ˆ

1

ˆ

g

r

g

r

r

r

g

E

I

I

I

E

oc

or

or

eff


	(1)


where 
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 denotes statistical average. Note that when the transmitted signal is perfectly modulated, i.e., 
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 as we would expect. Modulation accuracy of the signal can alternatively be represented by Error Vector Magnitude (EVM), as defined in [3]. EVM is related to
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What we have to do is to establish the relation between
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(nominal SNR when there is no modulation error) and 
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(actual SNR when modulation error is taken into account) corresponding the modulation accuracy expressed in
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or EVM. For a given
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, the worse the modulation quality (higher EVM) the lower the
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will be. Equivalently, for a given performance target corresponding to a 
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(or SNR), higher geometry factor will be needed for signals with poor modulation accuracy. 
Under AWGN condition, the fluctuation of both
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and 
[image: image22.wmf]oc

I

due to additive white noise is small compared to their average value. Therefore
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were treated as time invariant in previous contributions [1, 2]. While in a fading channel,
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undergoes deep fade with the fading rate depending on the mobile speed and is typically modelled by Rayleigh fading. The relation between 
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in fading channels is derived from the statistical model of Rayleigh fading in the following subsections. Once the relation has been established, we will assess the impact of modulation error on HSDPA link performance in ITU Pedestrian B and Vehicular A channel models [4]. 

2.1 One-path Rayleigh Fading Channel

If the arriving signal has a delay spread smaller than the chip interval, the fading is frequency-nonselective (a.k.a. flat fading) and multipath components are not resolvable by the receiver. In this case, the signal appears to the receiver as arriving via a single fading path. The time-variant 
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can be modelled as 
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where 
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is a Rayleigh distributed random variable in time, representing the attenuation factor of signal amplitude, and 
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is the average of 
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. Suppose the interference from other cells remains unchanged over the duration of measurement, then 
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can be treated as a constant since thermal noise is far less than neighbor-cell interference. Then from (3) we have 
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The fact that
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is Rayleigh distributed random variable means that
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 has a chi-squared distribution with two degrees of freedom and its probability density function is
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Using the PDF in (5), 
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can be calculated as
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where I stands for the integral 
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 and in (7) we have used the definition 
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The integral
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is a function of 
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, which in turn is a function of 
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and 
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. Once
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 is known, we have the relation between
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. However, 
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as defined in (7) is not in a closed form and has to be numerically computed. Figure 1 shows the integral
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as a function of 
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in decibel scale.
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Figure 1: 
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as a function of 
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2.2 Multipath Rayleigh Fading Channels

When propagation delays of multipath components are separated by more than one chip interval, the RAKE receiver will collect and combine the signal components and the radio channel can be modelled by multiple Rayleigh fading paths. Let us suppose there are
[image: image55.wmf]L

 Rayleigh fading paths and the power of the i-th path makes up
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of total received signal power. Contribution to
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from the i-th path is then 
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In ITU channel models [4], the delay time and power of each path are time invariant. The power factors of multipath for Pedestrian B and Vehicular A models are listed in Table 1, where we have combined paths within one chip interval (1/3.84Mcps ( 260ns) and limit the number of RAKE fingers to 4 in order to constrain the computation time.

	
	w1
	w2
	w3
	w4

	Pedestrian B
	0.7367
	0.1315
	0.0644
	0.0674

	Vehicular A
	0.4950
	0.3932
	0.0623
	0.0495


Table 1: Power factors used in ITU Pedestrian B and ITU Vehicular A channels (for 4 fingers at the RAKE receiver)
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is calculated using the formula (1) taking into account the contributions from
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 fingers of the RAKE receiver:
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Since each path is a statistical independent random process, (10) becomes
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Let 
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can be rewritten as

	
[image: image67.wmf](

)

I

dx

dx

dx

x

k

x

w

k

dx

dx

dx

x

k

x

w

x

w

L

L

i

i

L

i

i

i

L

L

i

i

L

i

i

i

L

i

i

i

eff

~

1

1

exp

1

1

exp

1

0

0

0

2

1

1

1

0

0

0

2

1

1

1

1

-

-

=

÷

ø

ö

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

-

=

÷

ø

ö

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

ò

ò

ò

å

å

ò

ò

ò

å

å

å

¥

¥

¥

=

=

¥

¥

¥

=

=

=

r

r

r

r

r

r

g

L

L

L

L


	(12)


where the L-dimensional integral 
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Note that the integral
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reduces to the one-path integral in (7) if
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 , and in that case, equation (12) becomes (6). This is consistent with our expectation that one-path Rayleigh fading is a special case of multi-path Rayleigh fading.

As in the one-path case, the integral
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cannot be solved analytically. We have to resort to numerical integration to estimate the value of the 4-dimensional integral. For this analysis, we computed
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 at every 0.4 dB interval of 
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in the valid range and use these results to deduce
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corresponding to the value of
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has been tested and no noticeable loss of accuracy due to the interpolation was observed on the computer. 
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for Pedestrian B and Vehicular A channels (denoted by 
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respectively) is plotted against 
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in dB scale in Figures 2 and 3. With 
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computed, we can derive the
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corresponding to a 
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and EVM using (12).
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Figure 2: 
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Figure 3: : 
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3. Results of Analysis

The relation between the geometry factor 
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and 
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of various EVM values is shown in Figures 4 and 5 for ITU Pedestrian B and Vehicular A channels. This relation can be used to assess the required increase of 
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 for offsetting the effect of modulation error in order to achieve a particular link performance (in terms of either throughput or error rate) when the required 
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is known. Through link-level simulation, the required 
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can be determined for the target throughput or error rate. Operation of signal detection including the handling of multipath, Doppler frequency spread, and fading rate is modelled in the simulation and reflected on the required average SNR or 
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for achieving the performance target. 

As can be seen, the degradation 
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 is much worse when 
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 is large. This implies that modulation error causes a much larger impact in high throughput, low error rate, or multi-user (or low 
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 is required in those scenarios. Furthermore, some performances that require a large 
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may not be achievable with an EVM beyond a certain value even as 
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. In other words, the modulation error itself causes the SNR to drop below the required SNR for the performance target. This can be seen from Figures 4 and 5: 
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converges to a limit as 
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increases. 

To show the impact of modulation accuracy, we look at the throughput of HSDPA data transmission using the conventional RAKE receiver. Link simulations with the assumption as per defined in [5] provide us the information of throughput as a function of 
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. Using Figures 4 and 5, we are able to derive the throughput as a function of 
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for various degrees of modulation accuracy. Figures 6 and 7 show the results of single user throughput for the 3.6 Mbps HS-DSCH fixed reference channel [5] (denoted by FRC2; it consists of 4 SF=16 codes modulated by 16QAM and turbo coded with rate=5/8, H-ARQ enabled), assuming the power fraction HS-PDSCH_Ec/Ior = 70%, in the channel conditions Pedestrian B 3 km/hr (denoted by PB3) and Vehicular A 30 km/hr (denoted by VA30) respectively. Using linear interpolation, we estimated the loss of throughput due to modulation error at different values of geometry factor 
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 as shown in Tables 2 and 3, where we calculated the throughput reduction in Kbps and percentage from the EVM=0 throughput.

	
	EVM = 5%
	EVM = 10%
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	3.1 Kbps (0.5%)
	11.7 Kbps (2.0%)
	17.9 Kbps (3.0%)
	25.6 Kbps (4.3%)
	34.1 Kbps (5.7%)
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	5.1 Kbps (0.5%)
	21.7 Kbps (2.3%)
	33.7 Kbps (3.6%)
	47.6 Kbps (5.1%)
	63.1 Kbps (6.7%)
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	8.1 Kbps (0.7%)
	31.2 Kbps (2.7%)
	47.0 Kbps (4.0%)
	64.9 Kbps (5.5%)
	84.1 Kbps (7.2%)

	
[image: image115.wmf]g
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	9.0 Kbps (0.7%)
	31.2 Kbps (2.5%)
	44.8 Kbps (3.6%)
	59.1 Kbps (4.7%)
	75.3 Kbps (6.0%)


Table 2: Loss of FRC2 throughput due to modulation error at various values of geometry factor in PB3 propagation

	
	EVM = 5%
	EVM = 10%
	EVM = 12.5%
	EVM = 15%
	EVM = 17.5%
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	24.6 Kbps (3.8%)
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	5.3 Kbps (0.5%)
	20.9 Kbps (2.1%)
	31.8 Kbps (3.2%)
	45.5 Kbps (4.5%)
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	32.0 Kbps (2.5%)
	48.7 Kbps (3.9%)
	67.9 Kbps (5.4%)
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	10.3 Kbps (0.8%)
	36.8 Kbps (2.7%)
	53.6 Kbps (3.9%)
	71.7 Kbps (5.2%)
	93.1 Kbps (6.8%)


Table 3: Loss of FRC2 throughput due to modulation error at various values of geometry factor in VA30 propagation

4. Conclusion

We have presented a method for evaluating the SNR degradation caused by modulation error in one-path and multipath Rayleigh fading channels. We then performed the SNR degradation analysis in ITU Pedestrian B and Vehicular A channels. Using the results of the analysis (Figures 4 and 5) in conjunction with input from link simulation, one is able to assess the link performance degradation at various degrees of modulation accuracy in HSDPA data transmission. In this approach, we showed the effect of modulation accuracy on user throughput in a exemplar scenario under PB3 and VA30. We also observed a 6-7% loss of throughput caused by modulation error in that particular scenario with current EVM requirement of 17.5%.
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Figure 4: 
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 for various EVM in ITU Pedestrian B channel
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Figure 5: 
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 for various EVM in ITU Vehicular A channel
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Figure 6: User throughput of FRC2 with Ec/Ior = 70% in PB3 channel vs. geometry factor
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 for various EVM values of signal modulation accuracy  
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Figure 7: User throughput of FRC2 with Ec/Ior = 70% in VA30 channel vs. geometry factor
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 for various EVM values of signal modulation accuracy  
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		5		5.06		5.26		5.41		5.59		5.8
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		15		15.56		17.4		19.11		22.06		32.39
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		Ior/Ioc [dB]		PB3 Ec/Ior=70% [Kbps]		PB3 Ec/Ior=40% [Kbps]		Ior/Ioc(5%) [dB]		Ior/Ioc(10%) [dB]		Ior/Ioc(12.5%) [dB]		Ior/Ioc(15%) [dB]		Ior/Ioc(17.5%) [dB]

		0		508.308		107.592		0.03		0.11		0.17		0.25		0.34

		5		938.940		574.452		5.06		5.26		5.41		5.59		5.80

		10		1170.240				10.18		10.74		11.17		11.72		12.40

		15		1256.820		871.140		15.56		17.40		19.11		22.06		32.39
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		Ior/Ioc [dB]		VA30 Ec/Ior=70% [Kpbs]		VA30 Ec/Ior=40% [Kbps]		Ior/Ioc(5%) [dB]		Ior/Ioc(10%) [dB]		Ior/Ioc(12.5%) [dB]		Ior/Ioc(15%) [dB]		Ior/Ioc(17.5%) [dB]

		0		556.800		80.820		0.03		0.10		0.16		0.23		0.32

		5		1004.580		657.600		5.06		5.24		5.37		5.54		5.74

		10		1264.200				10.16		10.67		11.07		11.58		12.24

		15		1372.380		980.100		15.51		17.23		18.86		21.73		31.98
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		5		938.940		574.452		5.06		5.26		5.41		5.59		5.80

		10		1170.240				10.18		10.74		11.17		11.72		12.40

		15		1256.820		871.140		15.56		17.40		19.11		22.06		32.39
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Sheet1

		EVM [%]		EVM		rho		EVM [dB]		EVM^2 [dB]		1/(1-rho)		1/(1-rho) [dB]

		0		0		1.000000

		2.5		0.025		0.999375		-16.0206		-32.0412		1601.00		32.0439

		5		0.05		0.997506		-13.0103		-26.0206		401.00		26.0314

		7.5		0.075		0.994406		-11.2494		-22.4988		178.78		22.5231

		10		0.1		0.990099		-10.0000		-20.0000		101.00		20.0432

		12.5		0.125		0.984615		-9.0309		-18.0618		65.00		18.1291

		15		0.15		0.977995		-8.2391		-16.4782		45.44		16.5748

		17.5		0.175		0.970285		-7.5696		-15.1392		33.65		15.2702

		20		0.2		0.961538		-6.9897		-13.9794		26.00		14.1497

		22.5		0.225		0.951814		-6.4782		-12.9563		20.75		13.1708

		25		0.25		0.941176		-6.0206		-12.0412		17.00		12.3045

		27.5		0.275		0.929692		-5.6067		-11.2133		14.22		11.5300

		30		0.3		0.917431		-5.2288		-10.4576		12.11		10.8318

		32.5		0.325		0.904466		-4.8812		-9.7623		10.47		10.1984

		35		0.35		0.890869		-4.5593		-9.1186		9.16		9.6205





Chart PB

		-5		-4.9838		-4.9635		-4.9352		-4.899		-4.8548		-4.8029		-4.7434

		-4		-3.9824		-3.9604		-3.9297		-3.8903		-3.8423		-3.7858		-3.721

		-3		-2.9806		-2.9565		-2.9226		-2.8793		-2.8264		-2.7642		-2.6928

		-2		-1.9785		-1.9515		-1.9138		-1.8655		-1.8065		-1.737		-1.6571

		-1		-0.9756		-0.9452		-0.9026		-0.848		-0.7813		-0.7027		-0.6123

		0		0.0278		0.0627		0.1114		0.174		0.2504		0.3406		0.4444

		1		1.0323		1.0726		1.1291		1.2017		1.2903		1.3951		1.516

		2		2.0378		2.0851		2.1514		2.2366		2.3408		2.4641		2.6065

		3		3.0448		3.1009		3.1795		3.2806		3.4045		3.5513		3.7213

		4		4.0536		4.1207		4.2149		4.3362		4.485		4.6618		4.86725

		5		5.0648		5.1458		5.2596		5.4064		5.587		5.80221		6.05336

		6		6.0787		6.1773		6.316		6.4952		6.71639		6.98116		7.29205

		7		7.0963		7.2171		7.3872		7.6078		7.88112		8.21045		8.60055

		8		8.1185		8.2673		8.4774		8.75086		9.09179		9.50637		10.00382

		9		9.1465		9.3307		9.5916		9.93324		10.36292		10.89235		11.53991

		10		10.1817		10.4109		10.73678		11.16703		11.71514		12.40386		13.271446

		11		11.2261		11.5123		11.92195		12.46896		13.17907		14.09834		15.31355

		12		12.2823		12.64109		13.1594		13.86321		14.80299		16.079233		17.91971

		13		13.3532		13.805		14.46624		15.38643		16.6704417		18.56623		21.88668

		14		14.4429		15.01459		15.86723		17.09853		18.94747		22.197

		15		15.5566		16.2843		17.40007		19.108376		22.05567		32.388

		16		16.70102		17.63459		19.126679		21.65121		27.9398

		17		17.88526		19.0958		21.16057		25.43547

		18		19.12148		20.71576		23.75051

		19		20.42667		22.5769411		27.66974

		20		21.8254		24.84275
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Chart VA

		-5		-4.9843		-4.9648		-4.9374		-4.9024		-4.8598		-4.8097		-4.7522

		-4		-3.9831		-3.962		-3.9325		-3.8946		-3.8486		-3.7943		-3.732

		-3		-2.9815		-2.9584		-2.9261		-2.8847		-2.8343		-2.7749		-2.7066

		-2		-1.9796		-1.954		-1.9182		-1.8723		-1.8164		-1.7503		-1.6745

		-1		-0.977		-0.9483		-0.9082		-0.8566		-0.7937		-0.7194		-0.6339

		0		0.0261		0.0587		0.1044		0.1631		0.2349		0.3197		0.4174

		1		1.0301		1.0677		1.1204		1.1881		1.271		1.3691		1.4824

		2		2.035		2.0789		2.1404		2.2196		2.3166		2.4316		2.5648

		3		3.0413		3.0931		3.1657		3.2594		3.3743		3.5109		3.6696

		4		4.0492		4.1109		4.1977		4.3097		4.4475		4.6118		4.80328

		5		5.0592		5.1335		5.238		5.3734		5.5404		5.74033		5.97459

		6		6.0718		6.1619		6.2891		6.4542		6.65878		6.90493		7.19542

		7		7.0876		7.1979		7.3538		7.557		7.81006		8.11688		8.48249

		8		8.1076		8.2433		8.4357		8.68797		9.00445		9.39199		9.86022

		9		9.1328		9.3007		9.54		9.85578		10.25602		10.75314		11.36607

		10		10.1646		10.3735		10.67308		11.07198		11.58484		12.2352		13.06202

		11		11.2047		11.466		11.84351		12.35281		13.02093		13.89499		15.06253

		12		12.2555		12.58374		13.06317		13.72187		14.61202		15.835296		17.62041

		13		13.3199		13.73425		14.34867		15.21528		16.440967		18.27512		21.53172

		14		14.4015		14.92763		15.72421		16.89226		18.67313		21.85145

		15		15.5052		16.17783		17.2269		18.86103		21.72944		31.9801

		16		16.63759		17.50481		18.91805		21.35615		27.554

		17		17.80715		18.93829		20.910477		25.08538

		18		19.02565		20.52552		23.45227

		19		20.30958		22.348322		27.316

		20		21.68294		24.5694
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Sheet2

		gamma_eff [dB]		I (5%)		k_pb(5%)[dB]		gamma(5%)_pb[dB]		k_va(5%)[dB]		gamma_va(5%) [dB]		I(7.5%)		k_pb(7.5%)[dB]		gamma_pb(7.5%) [dB]		k_va(7.5%) [dB]		gamma_va(7.5%) [dB]		I(10%)		k_pb(10%) [dB]		gamma_pb(10%)[dB]		k_va(10%) [dB]		gamma(10%)_va[dB]		I(12.5%)		k_pb(12.5%) [dB]		gamma_pb(12.5%)[dB]		k_va(12.5%) [dB]		gamma_va(12.5%)[dB]		I(15%)		k_pb(15%) [dB]		gamma_pb(15%)[dB]		k_va(15%) [dB]		gamma_va(15%)[dB]		I(17.5%)		k_pb(17.5%) [dB]		gamma_pb(17.5%)[dB]		k_va(17.5%) [dB]		gamma_va(17.5%)[dB]		I(20%)		k_pb(20%) [dB]		gamma_pb(20%)[dB]		k_va(20%) [dB]		gamma_va(20%)[dB]

		-5		9.99209E-01		31.02		-4.98		31.02		-4.98		9.98221E-01		27.49		-4.96		27.49		-4.96		9.96838E-01		24.98		-4.94		24.98		-4.94		9.95059E-01		23.03		-4.90		23.03		-4.90		9.92885E-01		21.43		-4.85		21.43		-4.86		9.90315E-01		20.07		-4.80		20.08		-4.81		9.87351E-01		18.89		-4.74		18.90		-4.75

		-4		9.99005E-01		30.01		-3.98		30.01		-3.98		9.97761E-01		26.48		-3.96		26.49		-3.96		9.96019E-01		23.97		-3.93		23.98		-3.93		9.93780E-01		22.02		-3.89		22.02		-3.89		9.91043E-01		20.42		-3.84		20.42		-3.85		9.87808E-01		19.06		-3.79		19.06		-3.79		9.84076E-01		17.87		-3.72		17.88		-3.73

		-3		9.98747E-01		29.01		-2.98		29.01		-2.98		9.97181E-01		25.48		-2.96		25.48		-2.96		9.94988E-01		22.97		-2.92		22.97		-2.93		9.92169E-01		21.01		-2.88		21.01		-2.88		9.88723E-01		19.40		-2.83		19.41		-2.83		9.84651E-01		18.03		-2.76		18.05		-2.77		9.79953E-01		16.84		-2.69		16.86		-2.71

		-2		9.98423E-01		28.01		-1.98		28.01		-1.98		9.96451E-01		24.47		-1.95		24.48		-1.95		9.93690E-01		21.96		-1.91		21.96		-1.92		9.90141E-01		19.99		-1.87		20.00		-1.87		9.85804E-01		18.38		-1.81		18.39		-1.82		9.80677E-01		17.01		-1.74		17.02		-1.75		9.74762E-01		15.81		-1.66		15.82		-1.67

		-1		9.98014E-01		27.01		-0.98		27.01		-0.98		9.95532E-01		23.47		-0.95		23.47		-0.95		9.92057E-01		20.95		-0.90		20.95		-0.91		9.87589E-01		18.98		-0.85		18.99		-0.86		9.82128E-01		17.36		-0.78		17.37		-0.79		9.75673E-01		15.97		-0.70		15.99		-0.72		9.68227E-01		14.76		-0.61		14.78		-0.63

		0		9.97500E-01		26.00		0.03		26.01		0.03		9.94375E-01		22.46		0.06		22.46		0.06		9.90000E-01		19.93		0.11		19.94		0.10		9.84375E-01		17.96		0.17		17.97		0.16		9.77500E-01		16.32		0.25		16.34		0.23		9.69375E-01		14.93		0.34		14.95		0.32		9.60000E-01		13.71		0.44		13.73		0.42

		1		9.96853E-01		25.00		1.03		25.00		1.03		9.92919E-01		21.45		1.07		21.46		1.07		9.87411E-01		18.91		1.13		18.92		1.12		9.80329E-01		16.93		1.20		16.94		1.19		9.71674E-01		15.28		1.29		15.30		1.27		9.61445E-01		13.88		1.40		13.90		1.37		9.49643E-01		12.63		1.52		12.67		1.48

		2		9.96038E-01		23.99		2.04		24.00		2.04		9.91085E-01		20.44		2.09		20.44		2.08		9.84151E-01		17.89		2.15		17.90		2.14		9.75236E-01		15.89		2.24		15.91		2.22		9.64340E-01		14.23		2.34		14.26		2.32		9.51462E-01		12.81		2.46		12.84		2.43		9.36604E-01		11.54		2.61		11.58		2.56

		3		9.95012E-01		22.99		3.04		22.99		3.04		9.88777E-01		19.42		3.10		19.43		3.09		9.80047E-01		16.86		3.18		16.88		3.17		9.68824E-01		14.85		3.28		14.87		3.26		9.55107E-01		13.17		3.40		13.20		3.37		9.38895E-01		11.72		3.55		11.76		3.51		9.20190E-01		10.43		3.72		10.48		3.67

		4		9.93720E-01		21.98		4.05		21.98		4.05		9.85871E-01		18.40		4.12		18.41		4.11		9.74881E-01		15.83		4.21		15.85		4.20		9.60752E-01		13.79		4.34		13.82		4.31		9.43483E-01		12.09		4.49		12.13		4.45		9.23073E-01		10.61		4.66		10.66		4.61		8.99525E-01		9.28		4.87		9.35		4.80

		5		9.92094E-01		20.97		5.06		20.97		5.06		9.82212E-01		17.38		5.15		17.39		5.13		9.68377E-01		14.78		5.26		14.81		5.24		9.50589E-01		12.72		5.41		12.76		5.37		9.28849E-01		10.99		5.59		11.03		5.54		9.03154E-01		9.47		5.80		9.53		5.74		8.73509E-01		8.10		6.05		8.18		5.97

		6		9.90047E-01		19.95		6.08		19.96		6.07		9.77607E-01		16.35		6.18		16.36		6.16		9.60189E-01		13.73		6.32		13.75		6.29		9.37796E-01		11.63		6.50		11.67		6.45		9.10426E-01		9.86		6.72		9.92		6.66		8.78079E-01		8.29		6.98		8.37		6.90		8.40757E-01		6.86		7.29		6.95		7.20

		7		9.87470E-01		18.94		7.10		18.94		7.09		9.71808E-01		15.31		7.22		15.33		7.20		9.49881E-01		12.66		7.39		12.69		7.35		9.21689E-01		10.52		7.61		10.57		7.56		8.87234E-01		8.69		7.88		8.76		7.81		8.46510E-01		7.06		8.21		7.15		8.12		7.99525E-01		5.55		8.60		5.67		8.48

		8		9.84226E-01		17.91		8.12		17.92		8.11		9.64509E-01		14.26		8.27		14.28		8.24		9.36904E-01		11.57		8.48		11.61		8.44		9.01413E-01		9.38		8.75		9.44		8.69		8.58035E-01		7.48		9.09		7.57		9.00		8.06768E-01		5.76		9.51		5.88		9.39		7.47617E-01		4.15		10.00		4.29		9.86

		9		9.80142E-01		16.88		9.15		16.90		9.13		9.55319E-01		13.19		9.33		13.22		9.30		9.20567E-01		10.45		9.59		10.50		9.54		8.75886E-01		8.20		9.93		8.27		9.86		8.21277E-01		6.21		10.36		6.32		10.26		7.56735E-01		4.38		10.89		4.52		10.75		6.82269E-01		2.61		11.54		2.78		11.37

		10		9.75000E-01		15.85		10.18		15.87		10.16		9.43750E-01		12.11		10.41		12.15		10.37		9.00000E-01		9.31		10.74		9.37		10.67		8.43750E-01		6.96		11.17		7.06		11.07		7.75001E-01		4.86		11.72		4.99		11.58		6.93747E-01		2.87		12.40		3.04		12.24		6.00000E-01		0.88		13.27		1.09		13.06

		11		9.68527E-01		14.81		11.23		14.83		11.20		9.29186E-01		11.01		11.51		11.06		11.47		8.74107E-01		8.12		11.92		8.20		11.84		8.03293E-01		5.66		12.47		5.78		12.35		7.16743E-01		3.40		13.18		3.55		13.02		6.14451E-01		1.17		14.10		1.38		13.89		4.96430E-01		-1.16		15.31		-0.91		15.06

		12		9.60378E-01		13.75		12.28		13.78		12.26		9.10850E-01		9.88		12.64		9.94		12.58		8.41511E-01		6.88		13.16		6.98		13.06		7.52360E-01		4.27		13.86		4.41		13.72		6.43401E-01		1.77		14.80		1.96		14.61		5.14622E-01		-0.81		16.08		-0.57		15.84		3.66043E-01		-3.77		17.92		-3.47		17.62

		13		9.50118E-01		12.68		13.35		12.71		13.32		8.87767E-01		8.72		13.81		8.79		13.73		8.00474E-01		5.58		14.47		5.69		14.35		6.88240E-01		2.74		15.39		2.91		15.22		5.51069E-01		-0.10		16.67		0.13		16.44		3.88945E-01		-3.30		18.57		-3.00		18.28		2.01895E-01		-7.74		21.89		-7.38		21.53

		14		9.37203E-01		11.59		14.44		11.63		14.40		8.58707E-01		7.51		15.01		7.60		14.93		7.48811E-01		4.18		15.87		4.32		15.72		6.07518E-01		1.03		17.10		1.24		16.89		4.34829E-01		-2.37		18.95		-2.10		18.67		2.30728E-01		-6.93		22.20		-6.58		21.85		-4.75459E-03		N/A		N/A		N/A		N/A

		15		9.20943E-01		10.47		15.56		10.53		15.51		8.22123E-01		6.24		16.28		6.35		16.18		6.83772E-01		2.64		17.40		2.82		17.23		5.05894E-01		-0.98		19.11		-0.73		18.86		2.88492E-01		-5.48		22.06		-5.15		21.73		3.15438E-02		-17.12		32.39		-16.71		31.98		-2.64911E-01		N/A		N/A		N/A		N/A

		16		9.00473E-01		9.33		16.70		9.39		16.64		7.76066E-01		4.89		17.63		5.02		17.50		6.01893E-01		0.92		19.13		1.13		18.92		3.77958E-01		-3.52		21.65		-3.23		21.36		1.04264E-01		-11.37		27.94		-10.98		27.55		-2.19214E-01		N/A		N/A		N/A		N/A		-5.92429E-01		N/A		N/A		N/A		N/A

		17		8.74703E-01		8.15		17.89		8.22		17.81		7.18084E-01		3.43		19.10		3.58		18.94		4.98813E-01		-1.12		21.16		-0.87		20.91		2.16895E-01		-7.31		25.44		-6.96		25.09		-1.27665E-01		N/A		N/A		N/A		N/A		-5.34900E-01		N/A		N/A		N/A		N/A		-1.00475E+00		N/A		N/A		N/A		N/A

		18		8.42261E-01		6.91		19.12		7.01		19.03		6.45089E-01		1.81		20.72		2.00		20.53		3.69043E-01		-3.71		23.75		-3.41		23.45		1.41292E-02		-20.74		38.87		-20.33		38.46		-4.19646E-01		N/A		N/A		N/A		N/A		-9.32324E-01		N/A		N/A		N/A		N/A		-1.52383E+00		N/A		N/A		N/A		N/A

		19		8.01418E-01		5.60		20.43		5.72		20.31		5.53193E-01		-0.05		22.58		0.17		22.35		2.05672E-01		-7.63		27.67		-7.27		27.32		-2.41138E-01		N/A		N/A		N/A		N/A		-7.87228E-01		N/A		N/A		N/A		N/A		-1.43265E+00		N/A		N/A		N/A		N/A		-2.17731E+00		N/A		N/A		N/A		N/A

		20		7.50000E-01		4.21		21.83		4.35		21.68		4.37503E-01		-2.32		24.84		-2.05		24.57		0.00000E+00		N/A		N/A		N/A		N/A		-5.62500E-01		N/A		N/A		N/A		N/A		-1.24999E+00		N/A		N/A		N/A		N/A		-2.06253E+00		N/A		N/A		N/A		N/A		-3.00000E+00		N/A		N/A		N/A		N/A
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		EVM [%]		EVM		rho		EVM [dB]		EVM^2 [dB]		1/(1-rho)		1/(1-rho) [dB]

		0		0		1.000000

		2.5		0.025		0.999375		-16.0206		-32.0412		1601.00		32.0439

		5		0.05		0.997506		-13.0103		-26.0206		401.00		26.0314

		7.5		0.075		0.994406		-11.2494		-22.4988		178.78		22.5231

		10		0.1		0.990099		-10.0000		-20.0000		101.00		20.0432

		12.5		0.125		0.984615		-9.0309		-18.0618		65.00		18.1291

		15		0.15		0.977995		-8.2391		-16.4782		45.44		16.5748

		17.5		0.175		0.970285		-7.5696		-15.1392		33.65		15.2702

		20		0.2		0.961538		-6.9897		-13.9794		26.00		14.1497

		22.5		0.225		0.951814		-6.4782		-12.9563		20.75		13.1708

		25		0.25		0.941176		-6.0206		-12.0412		17.00		12.3045

		27.5		0.275		0.929692		-5.6067		-11.2133		14.22		11.5300

		30		0.3		0.917431		-5.2288		-10.4576		12.11		10.8318

		32.5		0.325		0.904466		-4.8812		-9.7623		10.47		10.1984

		35		0.35		0.890869		-4.5593		-9.1186		9.16		9.6205





Chart PB

		-5		-4.9838		-4.9635		-4.9352		-4.899		-4.8548		-4.8029		-4.7434

		-4		-3.9824		-3.9604		-3.9297		-3.8903		-3.8423		-3.7858		-3.721

		-3		-2.9806		-2.9565		-2.9226		-2.8793		-2.8264		-2.7642		-2.6928

		-2		-1.9785		-1.9515		-1.9138		-1.8655		-1.8065		-1.737		-1.6571

		-1		-0.9756		-0.9452		-0.9026		-0.848		-0.7813		-0.7027		-0.6123

		0		0.0278		0.0627		0.1114		0.174		0.2504		0.3406		0.4444

		1		1.0323		1.0726		1.1291		1.2017		1.2903		1.3951		1.516

		2		2.0378		2.0851		2.1514		2.2366		2.3408		2.4641		2.6065

		3		3.0448		3.1009		3.1795		3.2806		3.4045		3.5513		3.7213

		4		4.0536		4.1207		4.2149		4.3362		4.485		4.6618		4.86725

		5		5.0648		5.1458		5.2596		5.4064		5.587		5.80221		6.05336

		6		6.0787		6.1773		6.316		6.4952		6.71639		6.98116		7.29205

		7		7.0963		7.2171		7.3872		7.6078		7.88112		8.21045		8.60055

		8		8.1185		8.2673		8.4774		8.75086		9.09179		9.50637		10.00382

		9		9.1465		9.3307		9.5916		9.93324		10.36292		10.89235		11.53991

		10		10.1817		10.4109		10.73678		11.16703		11.71514		12.40386		13.271446

		11		11.2261		11.5123		11.92195		12.46896		13.17907		14.09834		15.31355

		12		12.2823		12.64109		13.1594		13.86321		14.80299		16.079233		17.91971

		13		13.3532		13.805		14.46624		15.38643		16.6704417		18.56623		21.88668

		14		14.4429		15.01459		15.86723		17.09853		18.94747		22.197

		15		15.5566		16.2843		17.40007		19.108376		22.05567		32.388

		16		16.70102		17.63459		19.126679		21.65121		27.9398

		17		17.88526		19.0958		21.16057		25.43547

		18		19.12148		20.71576		23.75051

		19		20.42667		22.5769411		27.66974

		20		21.8254		24.84275
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Chart VA

		-5		-4.9843		-4.9648		-4.9374		-4.9024		-4.8598		-4.8097		-4.7522

		-4		-3.9831		-3.962		-3.9325		-3.8946		-3.8486		-3.7943		-3.732

		-3		-2.9815		-2.9584		-2.9261		-2.8847		-2.8343		-2.7749		-2.7066

		-2		-1.9796		-1.954		-1.9182		-1.8723		-1.8164		-1.7503		-1.6745

		-1		-0.977		-0.9483		-0.9082		-0.8566		-0.7937		-0.7194		-0.6339

		0		0.0261		0.0587		0.1044		0.1631		0.2349		0.3197		0.4174

		1		1.0301		1.0677		1.1204		1.1881		1.271		1.3691		1.4824

		2		2.035		2.0789		2.1404		2.2196		2.3166		2.4316		2.5648

		3		3.0413		3.0931		3.1657		3.2594		3.3743		3.5109		3.6696

		4		4.0492		4.1109		4.1977		4.3097		4.4475		4.6118		4.80328

		5		5.0592		5.1335		5.238		5.3734		5.5404		5.74033		5.97459

		6		6.0718		6.1619		6.2891		6.4542		6.65878		6.90493		7.19542

		7		7.0876		7.1979		7.3538		7.557		7.81006		8.11688		8.48249

		8		8.1076		8.2433		8.4357		8.68797		9.00445		9.39199		9.86022

		9		9.1328		9.3007		9.54		9.85578		10.25602		10.75314		11.36607

		10		10.1646		10.3735		10.67308		11.07198		11.58484		12.2352		13.06202

		11		11.2047		11.466		11.84351		12.35281		13.02093		13.89499		15.06253

		12		12.2555		12.58374		13.06317		13.72187		14.61202		15.835296		17.62041

		13		13.3199		13.73425		14.34867		15.21528		16.440967		18.27512		21.53172

		14		14.4015		14.92763		15.72421		16.89226		18.67313		21.85145

		15		15.5052		16.17783		17.2269		18.86103		21.72944		31.9801

		16		16.63759		17.50481		18.91805		21.35615		27.554

		17		17.80715		18.93829		20.910477		25.08538

		18		19.02565		20.52552		23.45227

		19		20.30958		22.348322		27.316

		20		21.68294		24.5694
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Sheet2

		gamma_eff [dB]		I (5%)		k_pb(5%)[dB]		gamma(5%)_pb[dB]		k_va(5%)[dB]		gamma_va(5%) [dB]		I(7.5%)		k_pb(7.5%)[dB]		gamma_pb(7.5%) [dB]		k_va(7.5%) [dB]		gamma_va(7.5%) [dB]		I(10%)		k_pb(10%) [dB]		gamma_pb(10%)[dB]		k_va(10%) [dB]		gamma(10%)_va[dB]		I(12.5%)		k_pb(12.5%) [dB]		gamma_pb(12.5%)[dB]		k_va(12.5%) [dB]		gamma_va(12.5%)[dB]		I(15%)		k_pb(15%) [dB]		gamma_pb(15%)[dB]		k_va(15%) [dB]		gamma_va(15%)[dB]		I(17.5%)		k_pb(17.5%) [dB]		gamma_pb(17.5%)[dB]		k_va(17.5%) [dB]		gamma_va(17.5%)[dB]		I(20%)		k_pb(20%) [dB]		gamma_pb(20%)[dB]		k_va(20%) [dB]		gamma_va(20%)[dB]

		-5		9.99209E-01		31.02		-4.98		31.02		-4.98		9.98221E-01		27.49		-4.96		27.49		-4.96		9.96838E-01		24.98		-4.94		24.98		-4.94		9.95059E-01		23.03		-4.90		23.03		-4.90		9.92885E-01		21.43		-4.85		21.43		-4.86		9.90315E-01		20.07		-4.80		20.08		-4.81		9.87351E-01		18.89		-4.74		18.90		-4.75

		-4		9.99005E-01		30.01		-3.98		30.01		-3.98		9.97761E-01		26.48		-3.96		26.49		-3.96		9.96019E-01		23.97		-3.93		23.98		-3.93		9.93780E-01		22.02		-3.89		22.02		-3.89		9.91043E-01		20.42		-3.84		20.42		-3.85		9.87808E-01		19.06		-3.79		19.06		-3.79		9.84076E-01		17.87		-3.72		17.88		-3.73

		-3		9.98747E-01		29.01		-2.98		29.01		-2.98		9.97181E-01		25.48		-2.96		25.48		-2.96		9.94988E-01		22.97		-2.92		22.97		-2.93		9.92169E-01		21.01		-2.88		21.01		-2.88		9.88723E-01		19.40		-2.83		19.41		-2.83		9.84651E-01		18.03		-2.76		18.05		-2.77		9.79953E-01		16.84		-2.69		16.86		-2.71

		-2		9.98423E-01		28.01		-1.98		28.01		-1.98		9.96451E-01		24.47		-1.95		24.48		-1.95		9.93690E-01		21.96		-1.91		21.96		-1.92		9.90141E-01		19.99		-1.87		20.00		-1.87		9.85804E-01		18.38		-1.81		18.39		-1.82		9.80677E-01		17.01		-1.74		17.02		-1.75		9.74762E-01		15.81		-1.66		15.82		-1.67

		-1		9.98014E-01		27.01		-0.98		27.01		-0.98		9.95532E-01		23.47		-0.95		23.47		-0.95		9.92057E-01		20.95		-0.90		20.95		-0.91		9.87589E-01		18.98		-0.85		18.99		-0.86		9.82128E-01		17.36		-0.78		17.37		-0.79		9.75673E-01		15.97		-0.70		15.99		-0.72		9.68227E-01		14.76		-0.61		14.78		-0.63

		0		9.97500E-01		26.00		0.03		26.01		0.03		9.94375E-01		22.46		0.06		22.46		0.06		9.90000E-01		19.93		0.11		19.94		0.10		9.84375E-01		17.96		0.17		17.97		0.16		9.77500E-01		16.32		0.25		16.34		0.23		9.69375E-01		14.93		0.34		14.95		0.32		9.60000E-01		13.71		0.44		13.73		0.42

		1		9.96853E-01		25.00		1.03		25.00		1.03		9.92919E-01		21.45		1.07		21.46		1.07		9.87411E-01		18.91		1.13		18.92		1.12		9.80329E-01		16.93		1.20		16.94		1.19		9.71674E-01		15.28		1.29		15.30		1.27		9.61445E-01		13.88		1.40		13.90		1.37		9.49643E-01		12.63		1.52		12.67		1.48

		2		9.96038E-01		23.99		2.04		24.00		2.04		9.91085E-01		20.44		2.09		20.44		2.08		9.84151E-01		17.89		2.15		17.90		2.14		9.75236E-01		15.89		2.24		15.91		2.22		9.64340E-01		14.23		2.34		14.26		2.32		9.51462E-01		12.81		2.46		12.84		2.43		9.36604E-01		11.54		2.61		11.58		2.56

		3		9.95012E-01		22.99		3.04		22.99		3.04		9.88777E-01		19.42		3.10		19.43		3.09		9.80047E-01		16.86		3.18		16.88		3.17		9.68824E-01		14.85		3.28		14.87		3.26		9.55107E-01		13.17		3.40		13.20		3.37		9.38895E-01		11.72		3.55		11.76		3.51		9.20190E-01		10.43		3.72		10.48		3.67

		4		9.93720E-01		21.98		4.05		21.98		4.05		9.85871E-01		18.40		4.12		18.41		4.11		9.74881E-01		15.83		4.21		15.85		4.20		9.60752E-01		13.79		4.34		13.82		4.31		9.43483E-01		12.09		4.49		12.13		4.45		9.23073E-01		10.61		4.66		10.66		4.61		8.99525E-01		9.28		4.87		9.35		4.80

		5		9.92094E-01		20.97		5.06		20.97		5.06		9.82212E-01		17.38		5.15		17.39		5.13		9.68377E-01		14.78		5.26		14.81		5.24		9.50589E-01		12.72		5.41		12.76		5.37		9.28849E-01		10.99		5.59		11.03		5.54		9.03154E-01		9.47		5.80		9.53		5.74		8.73509E-01		8.10		6.05		8.18		5.97

		6		9.90047E-01		19.95		6.08		19.96		6.07		9.77607E-01		16.35		6.18		16.36		6.16		9.60189E-01		13.73		6.32		13.75		6.29		9.37796E-01		11.63		6.50		11.67		6.45		9.10426E-01		9.86		6.72		9.92		6.66		8.78079E-01		8.29		6.98		8.37		6.90		8.40757E-01		6.86		7.29		6.95		7.20

		7		9.87470E-01		18.94		7.10		18.94		7.09		9.71808E-01		15.31		7.22		15.33		7.20		9.49881E-01		12.66		7.39		12.69		7.35		9.21689E-01		10.52		7.61		10.57		7.56		8.87234E-01		8.69		7.88		8.76		7.81		8.46510E-01		7.06		8.21		7.15		8.12		7.99525E-01		5.55		8.60		5.67		8.48

		8		9.84226E-01		17.91		8.12		17.92		8.11		9.64509E-01		14.26		8.27		14.28		8.24		9.36904E-01		11.57		8.48		11.61		8.44		9.01413E-01		9.38		8.75		9.44		8.69		8.58035E-01		7.48		9.09		7.57		9.00		8.06768E-01		5.76		9.51		5.88		9.39		7.47617E-01		4.15		10.00		4.29		9.86

		9		9.80142E-01		16.88		9.15		16.90		9.13		9.55319E-01		13.19		9.33		13.22		9.30		9.20567E-01		10.45		9.59		10.50		9.54		8.75886E-01		8.20		9.93		8.27		9.86		8.21277E-01		6.21		10.36		6.32		10.26		7.56735E-01		4.38		10.89		4.52		10.75		6.82269E-01		2.61		11.54		2.78		11.37

		10		9.75000E-01		15.85		10.18		15.87		10.16		9.43750E-01		12.11		10.41		12.15		10.37		9.00000E-01		9.31		10.74		9.37		10.67		8.43750E-01		6.96		11.17		7.06		11.07		7.75001E-01		4.86		11.72		4.99		11.58		6.93747E-01		2.87		12.40		3.04		12.24		6.00000E-01		0.88		13.27		1.09		13.06

		11		9.68527E-01		14.81		11.23		14.83		11.20		9.29186E-01		11.01		11.51		11.06		11.47		8.74107E-01		8.12		11.92		8.20		11.84		8.03293E-01		5.66		12.47		5.78		12.35		7.16743E-01		3.40		13.18		3.55		13.02		6.14451E-01		1.17		14.10		1.38		13.89		4.96430E-01		-1.16		15.31		-0.91		15.06

		12		9.60378E-01		13.75		12.28		13.78		12.26		9.10850E-01		9.88		12.64		9.94		12.58		8.41511E-01		6.88		13.16		6.98		13.06		7.52360E-01		4.27		13.86		4.41		13.72		6.43401E-01		1.77		14.80		1.96		14.61		5.14622E-01		-0.81		16.08		-0.57		15.84		3.66043E-01		-3.77		17.92		-3.47		17.62

		13		9.50118E-01		12.68		13.35		12.71		13.32		8.87767E-01		8.72		13.81		8.79		13.73		8.00474E-01		5.58		14.47		5.69		14.35		6.88240E-01		2.74		15.39		2.91		15.22		5.51069E-01		-0.10		16.67		0.13		16.44		3.88945E-01		-3.30		18.57		-3.00		18.28		2.01895E-01		-7.74		21.89		-7.38		21.53

		14		9.37203E-01		11.59		14.44		11.63		14.40		8.58707E-01		7.51		15.01		7.60		14.93		7.48811E-01		4.18		15.87		4.32		15.72		6.07518E-01		1.03		17.10		1.24		16.89		4.34829E-01		-2.37		18.95		-2.10		18.67		2.30728E-01		-6.93		22.20		-6.58		21.85		-4.75459E-03		N/A		N/A		N/A		N/A

		15		9.20943E-01		10.47		15.56		10.53		15.51		8.22123E-01		6.24		16.28		6.35		16.18		6.83772E-01		2.64		17.40		2.82		17.23		5.05894E-01		-0.98		19.11		-0.73		18.86		2.88492E-01		-5.48		22.06		-5.15		21.73		3.15438E-02		-17.12		32.39		-16.71		31.98		-2.64911E-01		N/A		N/A		N/A		N/A

		16		9.00473E-01		9.33		16.70		9.39		16.64		7.76066E-01		4.89		17.63		5.02		17.50		6.01893E-01		0.92		19.13		1.13		18.92		3.77958E-01		-3.52		21.65		-3.23		21.36		1.04264E-01		-11.37		27.94		-10.98		27.55		-2.19214E-01		N/A		N/A		N/A		N/A		-5.92429E-01		N/A		N/A		N/A		N/A

		17		8.74703E-01		8.15		17.89		8.22		17.81		7.18084E-01		3.43		19.10		3.58		18.94		4.98813E-01		-1.12		21.16		-0.87		20.91		2.16895E-01		-7.31		25.44		-6.96		25.09		-1.27665E-01		N/A		N/A		N/A		N/A		-5.34900E-01		N/A		N/A		N/A		N/A		-1.00475E+00		N/A		N/A		N/A		N/A

		18		8.42261E-01		6.91		19.12		7.01		19.03		6.45089E-01		1.81		20.72		2.00		20.53		3.69043E-01		-3.71		23.75		-3.41		23.45		1.41292E-02		-20.74		38.87		-20.33		38.46		-4.19646E-01		N/A		N/A		N/A		N/A		-9.32324E-01		N/A		N/A		N/A		N/A		-1.52383E+00		N/A		N/A		N/A		N/A

		19		8.01418E-01		5.60		20.43		5.72		20.31		5.53193E-01		-0.05		22.58		0.17		22.35		2.05672E-01		-7.63		27.67		-7.27		27.32		-2.41138E-01		N/A		N/A		N/A		N/A		-7.87228E-01		N/A		N/A		N/A		N/A		-1.43265E+00		N/A		N/A		N/A		N/A		-2.17731E+00		N/A		N/A		N/A		N/A

		20		7.50000E-01		4.21		21.83		4.35		21.68		4.37503E-01		-2.32		24.84		-2.05		24.57		0.00000E+00		N/A		N/A		N/A		N/A		-5.62500E-01		N/A		N/A		N/A		N/A		-1.24999E+00		N/A		N/A		N/A		N/A		-2.06253E+00		N/A		N/A		N/A		N/A		-3.00000E+00		N/A		N/A		N/A		N/A
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