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1. Introduction

High Speed Downlink Packet Access (HSDPA) will incorporate multiple modulation and coding schemes (MCS) to enhance downlink data throughput via link adaptation. In addition to QPSK, 16QAM will be used for some MCS while 64QAM may be optionally supported [1]. It is therefore essential for WG4 to determine the modulation accuracy requirement for each supported modulation schemes. This contribution accesses the effect of modulation accuracy on the link performance of HSDPA data channel (HS-PDSCH) in an attempt to provide a reference for requirement determination.

2. Analysis of Modulation Accuracy
We perform our analysis in AWGN propagation condition because modulation error has the maximum impact on link performance without the presence of fading. We denote the signal-to-noise ratio per modulated symbol as ES/No and it can be expressed in the following equation
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	(1)


, where 

	Gp is the processing gain; Ec is transmitted energy per chip of the code channel;

	Ior is the total transmit power spectral density of the BTS;

	Ec/Ior is therefore the transmit power fraction for the code channel;

	Îor is the received power spectral density of the active link (link with the active cell);

	Ioc is the received noise and power spectral density from other cells.


For a particular modulation and coding scheme, Eb/No can be calculated as shown in (2), where R is code rate and m is the number of channel bits represented by a symbol (e.g., m = 2 for QPSK modulation). In our link-level simulations, the transmit power fraction for the code channel, Ec/Ior, is fixed so both ES/No and Eb/No are proportional to Îor/Ioc, the geometry factor.

	
[image: image2.wmf]oc

or

or

c

p

o

S

o

b

I

I

I

E

m

R

G

N

E

m

R

N

E

ˆ

×

×

×

=

×

=


	(2)


Now let us consider modulation accuracy. The cleanliness of the transmitted waveform can be represented by the waveform quality factor, denoted as (, which is the fraction of total transmitted energy usable to the receiver. Modulation error will introduce self-interference which results in a degradation of the signal-to-noise ratio. The effective SNR per symbol, taken modulation error into account, is rewritten in equation (3).
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Alternatively, modulation accuracy can be represented by Error Vector Magnitude (EVM), which is the difference between the transmitted and the ideal waveform, normalized by the ideal waveform. EVM is related to ( as follows.
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For a channel coding scheme, the target frame error rate (FER) corresponds to a fixed value of ES/No (or alternatively Eb/No, or Îor/Ioc if Ec/Ior is fixed). That is the required effective ES/No. It is also the value of ES/No when there is absolutely no modulation error in the transmitted signal, i.e., ( = 1, or EVM = 0.
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The required geometry factor to support the target FER when the modulation error is accounted for by the EVM can be derived using equations (3)-(5) as:
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Note that it is a function of EVM and can be analytically calculated once its value at EVM = 0 is known. 

3. Evaluation of  Link Performance Degradation

From equation (6) above, we see that increase of modulation error will result in a degradation of the link performance as the required Îor/Ioc will increase. To evaluate the degree of degradation, we derive the curve of Îor/Ioc vs. EVM, with Îor/Ioc at EVM = 0 provided by link-level simulation which has no distortion of the transmitted waveform. 

Parameters used in the simulation are summarized in Table 1. As stated previously, we choose AWGN propagation to maximize the effect of modulation accuracy. For the same purpose, we also use a high transmit power fraction for the HS-PDSCH and a less robust code rate. Note that there are discrepancies on the simulation parameters with what have been adopted in WG1: (1) the spreading factor for HS-PDSCH should be 16; (2) the frame size should be 3 slots.

Simulation results of the required Îor/Ioc for 1% and 10% FER are shown in Table 2. Since we are interested in SF = 16 code channel, we scale up the required Îor/Ioc by 3dB to match the processing gain. With this input from link simulation, we plot the required Îor/Ioc at 1% and 10% FER as a function of EVM for QPSK, 16QAM, and 64QAM. Figure 1 shows these curves for three different modulations together, while Figures 2-4 show the curves for each individual modulation scheme. 

	Simulation Parameter
	Value

	Carrier frequency
	2 GHz

	Propagation condition
	AWGN

	CPICH TX power fraction (CPICH_Ec / Ior)
	20% (-7dB)

	HS-PDSCH Tx power fraction (Ec / Ior)
	80% (-1 dB)

	Number of multicodes
	1

	Spreading factor of HS-PDSCH
	32

	HS-PDSCH frame size (TTI)
	5 slots (5 x 2560 chips)

	Channel estimation
	Non-ideal (using CPICH)

	Channel coding
	Turbo code, rate 3/4

	Number of iterations for Turbo codes
	8

	Metric for Turbo code
	Max

	Input to Turbo decoder
	Soft

	STTD
	Off


Table 1: Link level simulation parameters 

	
	QPSK
	16QAM
	64QAM

	1% FER
	-8.72 dB
	-2.62 dB
	2.30 dB

	10% FER
	-9.42 dB
	-3.32 dB
	1.58 dB


Table 2: (Îor/Ioc)EVM=0 at FER 1% and 10% for QPSK, 16QAM, and 64QAM modulation from link simulations under the condition specified in Table 1 where SF = 32. These numbers are scaled up by 3dB to be the results for SF = 16 code channel.

As expected, the link performance of higher order modulation is more sensitive to modulation error. With the current EVM requirement of 17.5% for QPSK [2], we see only a slight degradation of required Îor/Ioc: 0.17dB for 1% FER and 0.16dB for 10% FER. To reach the same degradation, 16QAM and 64QAM need to have an EVM of 13-14% and 9-10% respectively. Details are shown in Table 3. We also find out from Table 3 and Figures 2-4 that link performance degradation does not vary significantly with target FER. For this reason, we believe that the frame size discrepancy mentioned earlier does not significantly affect our results. 

	FER
	Modulation
	EVM
	Îor / Ioc degradation

	1 %
	QPSK
	17.5 %
	0.17 dB

	
	16QAM
	13.5 %
	

	
	64QAM
	9.3 %
	

	10 %
	QPSK
	17.5 %
	0.16 dB

	
	16QAM
	13.9 %
	

	
	64QAM
	9.8 %
	


Table 3: Comparison of required EVM for 16QAM and 64QAM to achieve the same Îor / Ioc degradation of QPSK with EVM = 17.5 %

4. Conclusion

We have presented an analysis on the effect of modulation accuracy, including evaluation of link performance degradation in a scenario where modulation error has the greatest impact. Our results show that only a minor link performance degradation (less than 0.2 dB) would arise from existing 17.5% EVM for QPSK. With all the information presented, we would like to solicit opinions regarding EVM requirement for HSDPA in order to progress on that work item.
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Figure 1: Required Îor/Ioc with modulation QPSK, 16QAM, and 64QAM for target FER 1% and 10% as a function of EVM
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Figure 2: Required Îor/Ioc with QPSK modulation for target FER 1% and 10% as a function of EVM
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Figure 3: Required Îor/Ioc with 16QAM modulation for target FER 1% and 10% as a function of EVM
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Figure 4: Required Îor/Ioc with 64QAM modulation for target FER 1% and 10% as a function of EVM
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QPSK plot

		0		0

		2.5		2.5

		5		5

		7.5		7.5

		10		10

		12.5		12.5

		15		15

		17.5		17.5

		20		20

		22.5		22.5

		25		25

		27.5		27.5

		30		30

		32.5		32.5

		35		35



1%  FER

10% FER

EVM [%]

Ior/Ioc [dB]

QPSK

-5.72

-6.42

-5.716559229

-6.4166675008

-5.7062463424

-6.4066796311

-5.6890894913

-6.3900651474

-5.6651351674

-6.3668715536

-5.6344475756

-6.3371644783

-5.5971077765

-6.3010268238

-5.5532126212

-6.25855771

-5.5028735028

-6.2098712366

-5.4462149542

-6.1550950935

-5.3833731226

-6.094369051

-5.3144941518

-6.0278433599

-5.2397325064

-5.9556770957

-5.159249266

-5.8780364763

-5.0732104206

-5.7950931832



QPSK

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER		Ior/Ioc degradation [dB] at 1% FER		Ior/Ioc degradation [dB] at 10% FER

		0		0		0.2679168325		-5.72		0.2280342072		-6.42		0		0

		2.5		0.025		0.2681291782		-5.716559229		0.2282092533		-6.4166675008		0.003440771		0.0033324992

		5		0.05		0.2687666423		-5.7062463424		0.2287346911		-6.4066796311		0.0137536576		0.0133203689

		7.5		0.075		0.2698305079		-5.6890894913		0.2296114204		-6.3900651474		0.0309105087		0.0299348526

		10		0.1		0.2713229206		-5.6651351674		0.2308409456		-6.3668715536		0.0548648326		0.0531284464

		12.5		0.125		0.2732468993		-5.6344475756		0.2324253813		-6.3371644783		0.0855524244		0.0828355217

		15		0.15		0.2756063518		-5.5971077765		0.2343674623		-6.3010268238		0.1228922235		0.1189731762

		17.5		0.175		0.2784060944		-5.5532126212		0.2366705549		-6.25855771		0.1667873788		0.16144229

		20		0.2		0.2816518769		-5.5028735028		0.2393386717		-6.2098712366		0.2171264972		0.2101287634

		22.5		0.225		0.2853504124		-5.4462149542		0.2423764893		-6.1550950935		0.2737850458		0.2649049065

		25		0.25		0.2895094123		-5.3833731226		0.2457893691		-6.094369051		0.3366268774		0.325630949

		27.5		0.275		0.2941376273		-5.3144941518		0.2495833812		-6.0278433599		0.4055058482		0.3921566401

		30		0.3		0.2992448944		-5.2397325064		0.2537653317		-5.9556770957		0.4802674936		0.4643229043

		32.5		0.325		0.3048421903		-5.159249266		0.2583427941		-5.8780364763		0.560750734		0.5419635237

		35		0.35		0.3109416923		-5.0732104206		0.2633241444		-5.7950931832		0.6467895794		0.6249068168
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16QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		1.0914403364		0.38		0.9289663868		-0.32

		2.5		0.025		1.0928679868		0.3856770443		0.930087003		-0.314764244

		5		0.05		1.0971626562		0.4027101725		0.9334566774		-0.2990583324

		7.5		0.075		1.1043597414		0.4311056638		0.9390990245		-0.2728861059

		10		0.1		1.1145190503		0.470874962		0.9470538627		-0.2362532025

		12.5		0.125		1.1277260559		0.5220361483		0.9573779227		-0.1891659166

		15		0.15		1.1440937198		0.5846160166		0.9701458708		-0.1316296044

		17.5		0.175		1.1637649598		0.6586527675		0.9854516843		-0.0636466389

		20		0.2		1.1869158639		0.7441993451		1.0034104245		0.0147860864

		22.5		0.225		1.2137597896		0.8413274575		1.0241604745		0.1036801108

		25		0.25		1.2445525348		0.9501323369		1.0478663229		0.2030588292

		27.5		0.275		1.2795988233		1.0707383203		1.0747220039		0.3129614074

		30		0.3		1.3192604311		1.2033053674		1.1049553344		0.4334472289

		32.5		0.325		1.3639663846		1.3480366711		1.1388331308		0.564600931

		35		0.35		1.4142258061		1.5051875779		1.1766676436		0.7065381124

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0183448253		0.0192821408

						EVM		0.1354430704		0.1388601482
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64QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		3.3884415614		5.3		2.870780582		4.58

		2.5		0.025		3.3977550213		5.3119206296		2.8777381667		4.5905127676

		5		0.05		3.4259341091		5.3477900594		2.8987618062		4.6221253047

		7.5		0.075		3.4737104092		5.4079361005		2.9343124127		4.6750635078

		10		0.1		3.5423566624		5.4929228602		2.9851865435		4.7497147525

		12.5		0.125		3.6337739396		5.6035790595		3.0525620907		4.8466450649

		15		0.15		3.7506292254		5.7410413338		3.1380690695		4.9666249826

		17.5		0.175		3.896562902		5.9068169143		3.2438937719		5.1106662389

		20		0.2		4.0764982704		6.102872624		3.3729294162		5.28007253

		22.5		0.225		4.2971064243		6.3317610977		3.5289940891		5.4765093093

		25		0.25		4.567516919		6.5968016474		3.7171493857		5.7021001498

		27.5		0.275		4.9004327139		6.9023443043		3.9441746511		5.9595613759

		30		0.3		5.3139386555		7.2541653657		4.2192898066		6.2523935641

		32.5		0.325		5.8345582556		7.6600798045		4.555290076		6.585160376

		35		0.35		6.5026879863		8.1309291607		4.970392071		6.963906478

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0086596136		0.0095170112

						EVM		0.0930570447		0.0975551702
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QPSK plot
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QPSK

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER		Ior/Ioc degradation [dB] at 1% FER		Ior/Ioc degradation [dB] at 10% FER

		0		0		0.2679168325		-5.72		0.2280342072		-6.42		0		0

		2.5		0.025		0.2681291782		-5.716559229		0.2282092533		-6.4166675008		0.003440771		0.0033324992

		5		0.05		0.2687666423		-5.7062463424		0.2287346911		-6.4066796311		0.0137536576		0.0133203689

		7.5		0.075		0.2698305079		-5.6890894913		0.2296114204		-6.3900651474		0.0309105087		0.0299348526

		10		0.1		0.2713229206		-5.6651351674		0.2308409456		-6.3668715536		0.0548648326		0.0531284464

		12.5		0.125		0.2732468993		-5.6344475756		0.2324253813		-6.3371644783		0.0855524244		0.0828355217

		15		0.15		0.2756063518		-5.5971077765		0.2343674623		-6.3010268238		0.1228922235		0.1189731762

		17.5		0.175		0.2784060944		-5.5532126212		0.2366705549		-6.25855771		0.1667873788		0.16144229

		20		0.2		0.2816518769		-5.5028735028		0.2393386717		-6.2098712366		0.2171264972		0.2101287634

		22.5		0.225		0.2853504124		-5.4462149542		0.2423764893		-6.1550950935		0.2737850458		0.2649049065

		25		0.25		0.2895094123		-5.3833731226		0.2457893691		-6.094369051		0.3366268774		0.325630949

		27.5		0.275		0.2941376273		-5.3144941518		0.2495833812		-6.0278433599		0.4055058482		0.3921566401

		30		0.3		0.2992448944		-5.2397325064		0.2537653317		-5.9556770957		0.4802674936		0.4643229043

		32.5		0.325		0.3048421903		-5.159249266		0.2583427941		-5.8780364763		0.560750734		0.5419635237

		35		0.35		0.3109416923		-5.0732104206		0.2633241444		-5.7950931832		0.6467895794		0.6249068168
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16QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		1.0914403364		0.38		0.9289663868		-0.32

		2.5		0.025		1.0928679868		0.3856770443		0.930087003		-0.314764244

		5		0.05		1.0971626562		0.4027101725		0.9334566774		-0.2990583324

		7.5		0.075		1.1043597414		0.4311056638		0.9390990245		-0.2728861059

		10		0.1		1.1145190503		0.470874962		0.9470538627		-0.2362532025

		12.5		0.125		1.1277260559		0.5220361483		0.9573779227		-0.1891659166

		15		0.15		1.1440937198		0.5846160166		0.9701458708		-0.1316296044

		17.5		0.175		1.1637649598		0.6586527675		0.9854516843		-0.0636466389

		20		0.2		1.1869158639		0.7441993451		1.0034104245		0.0147860864

		22.5		0.225		1.2137597896		0.8413274575		1.0241604745		0.1036801108

		25		0.25		1.2445525348		0.9501323369		1.0478663229		0.2030588292

		27.5		0.275		1.2795988233		1.0707383203		1.0747220039		0.3129614074

		30		0.3		1.3192604311		1.2033053674		1.1049553344		0.4334472289

		32.5		0.325		1.3639663846		1.3480366711		1.1388331308		0.564600931

		35		0.35		1.4142258061		1.5051875779		1.1766676436		0.7065381124

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0183448253		0.0192821408

						EVM		0.1354430704		0.1388601482
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64QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		3.3884415614		5.3		2.870780582		4.58

		2.5		0.025		3.3977550213		5.3119206296		2.8777381667		4.5905127676

		5		0.05		3.4259341091		5.3477900594		2.8987618062		4.6221253047

		7.5		0.075		3.4737104092		5.4079361005		2.9343124127		4.6750635078

		10		0.1		3.5423566624		5.4929228602		2.9851865435		4.7497147525

		12.5		0.125		3.6337739396		5.6035790595		3.0525620907		4.8466450649

		15		0.15		3.7506292254		5.7410413338		3.1380690695		4.9666249826

		17.5		0.175		3.896562902		5.9068169143		3.2438937719		5.1106662389

		20		0.2		4.0764982704		6.102872624		3.3729294162		5.28007253

		22.5		0.225		4.2971064243		6.3317610977		3.5289940891		5.4765093093

		25		0.25		4.567516919		6.5968016474		3.7171493857		5.7021001498

		27.5		0.275		4.9004327139		6.9023443043		3.9441746511		5.9595613759

		30		0.3		5.3139386555		7.2541653657		4.2192898066		6.2523935641

		32.5		0.325		5.8345582556		7.6600798045		4.555290076		6.585160376

		35		0.35		6.5026879863		8.1309291607		4.970392071		6.963906478

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0086596136		0.0095170112

						EVM		0.0930570447		0.0975551702
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QPSK

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER		Ior/Ioc degradation [dB] at 1% FER		Ior/Ioc degradation [dB] at 10% FER

		0		0		0.2679168325		-5.72		0.2280342072		-6.42		0		0

		2.5		0.025		0.2681291782		-5.716559229		0.2282092533		-6.4166675008		0.003440771		0.0033324992

		5		0.05		0.2687666423		-5.7062463424		0.2287346911		-6.4066796311		0.0137536576		0.0133203689

		7.5		0.075		0.2698305079		-5.6890894913		0.2296114204		-6.3900651474		0.0309105087		0.0299348526

		10		0.1		0.2713229206		-5.6651351674		0.2308409456		-6.3668715536		0.0548648326		0.0531284464

		12.5		0.125		0.2732468993		-5.6344475756		0.2324253813		-6.3371644783		0.0855524244		0.0828355217

		15		0.15		0.2756063518		-5.5971077765		0.2343674623		-6.3010268238		0.1228922235		0.1189731762

		17.5		0.175		0.2784060944		-5.5532126212		0.2366705549		-6.25855771		0.1667873788		0.16144229

		20		0.2		0.2816518769		-5.5028735028		0.2393386717		-6.2098712366		0.2171264972		0.2101287634

		22.5		0.225		0.2853504124		-5.4462149542		0.2423764893		-6.1550950935		0.2737850458		0.2649049065

		25		0.25		0.2895094123		-5.3833731226		0.2457893691		-6.094369051		0.3366268774		0.325630949

		27.5		0.275		0.2941376273		-5.3144941518		0.2495833812		-6.0278433599		0.4055058482		0.3921566401

		30		0.3		0.2992448944		-5.2397325064		0.2537653317		-5.9556770957		0.4802674936		0.4643229043

		32.5		0.325		0.3048421903		-5.159249266		0.2583427941		-5.8780364763		0.560750734		0.5419635237

		35		0.35		0.3109416923		-5.0732104206		0.2633241444		-5.7950931832		0.6467895794		0.6249068168
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16QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		1.0914403364		0.38		0.9289663868		-0.32

		2.5		0.025		1.0928679868		0.3856770443		0.930087003		-0.314764244

		5		0.05		1.0971626562		0.4027101725		0.9334566774		-0.2990583324

		7.5		0.075		1.1043597414		0.4311056638		0.9390990245		-0.2728861059

		10		0.1		1.1145190503		0.470874962		0.9470538627		-0.2362532025

		12.5		0.125		1.1277260559		0.5220361483		0.9573779227		-0.1891659166

		15		0.15		1.1440937198		0.5846160166		0.9701458708		-0.1316296044

		17.5		0.175		1.1637649598		0.6586527675		0.9854516843		-0.0636466389

		20		0.2		1.1869158639		0.7441993451		1.0034104245		0.0147860864

		22.5		0.225		1.2137597896		0.8413274575		1.0241604745		0.1036801108

		25		0.25		1.2445525348		0.9501323369		1.0478663229		0.2030588292

		27.5		0.275		1.2795988233		1.0707383203		1.0747220039		0.3129614074

		30		0.3		1.3192604311		1.2033053674		1.1049553344		0.4334472289

		32.5		0.325		1.3639663846		1.3480366711		1.1388331308		0.564600931

		35		0.35		1.4142258061		1.5051875779		1.1766676436		0.7065381124

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0183448253		0.0192821408

						EVM		0.1354430704		0.1388601482
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64QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		3.3884415614		5.3		2.870780582		4.58

		2.5		0.025		3.3977550213		5.3119206296		2.8777381667		4.5905127676

		5		0.05		3.4259341091		5.3477900594		2.8987618062		4.6221253047

		7.5		0.075		3.4737104092		5.4079361005		2.9343124127		4.6750635078

		10		0.1		3.5423566624		5.4929228602		2.9851865435		4.7497147525

		12.5		0.125		3.6337739396		5.6035790595		3.0525620907		4.8466450649

		15		0.15		3.7506292254		5.7410413338		3.1380690695		4.9666249826

		17.5		0.175		3.896562902		5.9068169143		3.2438937719		5.1106662389

		20		0.2		4.0764982704		6.102872624		3.3729294162		5.28007253

		22.5		0.225		4.2971064243		6.3317610977		3.5289940891		5.4765093093

		25		0.25		4.567516919		6.5968016474		3.7171493857		5.7021001498

		27.5		0.275		4.9004327139		6.9023443043		3.9441746511		5.9595613759

		30		0.3		5.3139386555		7.2541653657		4.2192898066		6.2523935641

		32.5		0.325		5.8345582556		7.6600798045		4.555290076		6.585160376

		35		0.35		6.5026879863		8.1309291607		4.970392071		6.963906478

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0086596136		0.0095170112

						EVM		0.0930570447		0.0975551702
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QPSK plot
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QPSK

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER		Ior/Ioc degradation [dB] at 1% FER		Ior/Ioc degradation [dB] at 10% FER

		0		0		0.2679168325		-5.72		0.2280342072		-6.42		0		0

		2.5		0.025		0.2681291782		-5.716559229		0.2282092533		-6.4166675008		0.003440771		0.0033324992

		5		0.05		0.2687666423		-5.7062463424		0.2287346911		-6.4066796311		0.0137536576		0.0133203689

		7.5		0.075		0.2698305079		-5.6890894913		0.2296114204		-6.3900651474		0.0309105087		0.0299348526

		10		0.1		0.2713229206		-5.6651351674		0.2308409456		-6.3668715536		0.0548648326		0.0531284464

		12.5		0.125		0.2732468993		-5.6344475756		0.2324253813		-6.3371644783		0.0855524244		0.0828355217

		15		0.15		0.2756063518		-5.5971077765		0.2343674623		-6.3010268238		0.1228922235		0.1189731762

		17.5		0.175		0.2784060944		-5.5532126212		0.2366705549		-6.25855771		0.1667873788		0.16144229

		20		0.2		0.2816518769		-5.5028735028		0.2393386717		-6.2098712366		0.2171264972		0.2101287634

		22.5		0.225		0.2853504124		-5.4462149542		0.2423764893		-6.1550950935		0.2737850458		0.2649049065

		25		0.25		0.2895094123		-5.3833731226		0.2457893691		-6.094369051		0.3366268774		0.325630949

		27.5		0.275		0.2941376273		-5.3144941518		0.2495833812		-6.0278433599		0.4055058482		0.3921566401

		30		0.3		0.2992448944		-5.2397325064		0.2537653317		-5.9556770957		0.4802674936		0.4643229043

		32.5		0.325		0.3048421903		-5.159249266		0.2583427941		-5.8780364763		0.560750734		0.5419635237

		35		0.35		0.3109416923		-5.0732104206		0.2633241444		-5.7950931832		0.6467895794		0.6249068168
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16QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		1.0914403364		0.38		0.9289663868		-0.32

		2.5		0.025		1.0928679868		0.3856770443		0.930087003		-0.314764244

		5		0.05		1.0971626562		0.4027101725		0.9334566774		-0.2990583324

		7.5		0.075		1.1043597414		0.4311056638		0.9390990245		-0.2728861059

		10		0.1		1.1145190503		0.470874962		0.9470538627		-0.2362532025

		12.5		0.125		1.1277260559		0.5220361483		0.9573779227		-0.1891659166

		15		0.15		1.1440937198		0.5846160166		0.9701458708		-0.1316296044

		17.5		0.175		1.1637649598		0.6586527675		0.9854516843		-0.0636466389

		20		0.2		1.1869158639		0.7441993451		1.0034104245		0.0147860864

		22.5		0.225		1.2137597896		0.8413274575		1.0241604745		0.1036801108

		25		0.25		1.2445525348		0.9501323369		1.0478663229		0.2030588292

		27.5		0.275		1.2795988233		1.0707383203		1.0747220039		0.3129614074

		30		0.3		1.3192604311		1.2033053674		1.1049553344		0.4334472289

		32.5		0.325		1.3639663846		1.3480366711		1.1388331308		0.564600931

		35		0.35		1.4142258061		1.5051875779		1.1766676436		0.7065381124

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0183448253		0.0192821408

						EVM		0.1354430704		0.1388601482
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64QAM

		EVM [%]		EVM		Ior/Ioc at 1%FER		Ior/Ioc [dB] at 1%FER		Ior/Ioc at 10%FER		Ior/Ioc [dB] at 10%FER

		0		0		3.3884415614		5.3		2.870780582		4.58

		2.5		0.025		3.3977550213		5.3119206296		2.8777381667		4.5905127676

		5		0.05		3.4259341091		5.3477900594		2.8987618062		4.6221253047

		7.5		0.075		3.4737104092		5.4079361005		2.9343124127		4.6750635078

		10		0.1		3.5423566624		5.4929228602		2.9851865435		4.7497147525

		12.5		0.125		3.6337739396		5.6035790595		3.0525620907		4.8466450649

		15		0.15		3.7506292254		5.7410413338		3.1380690695		4.9666249826

		17.5		0.175		3.896562902		5.9068169143		3.2438937719		5.1106662389

		20		0.2		4.0764982704		6.102872624		3.3729294162		5.28007253

		22.5		0.225		4.2971064243		6.3317610977		3.5289940891		5.4765093093

		25		0.25		4.567516919		6.5968016474		3.7171493857		5.7021001498

		27.5		0.275		4.9004327139		6.9023443043		3.9441746511		5.9595613759

		30		0.3		5.3139386555		7.2541653657		4.2192898066		6.2523935641

		32.5		0.325		5.8345582556		7.6600798045		4.555290076		6.585160376

		35		0.35		6.5026879863		8.1309291607		4.970392071		6.963906478

						Needed EVM to achieve the same Ior/Ioc degradation of QPSK at 17.5% EVM

								At 1% FER		At 10% FER

						EVM squared		0.0086596136		0.0095170112

						EVM		0.0930570447		0.0975551702
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