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1. Introduction

In the last meeting, we presented an analysis of HSDPA link performance degradation caused by modulation error [1]. In that paper, the radio link performance was evaluated in a scenario where the base station is only transmitting HSDPA data for a single user with a single code channel. The code domain multiplexing of HSDPA, however, allows the node-B to simultaneously transmit high speed data to multiple users using single or multiple SF=16 code channels. We therefore extend our previous analysis in this paper to multi-user and multi-code transmissions in order to provide a more comprehensive study on the effect of HSDPA modulation accuracy.

2. Method of Analysis

As described in [1], we perform the analysis in the AWGN channel with the highest possible channel coding rate. In the AWGN channel, modulation accuracy has the greatest impact on link performance since there is no multipath and Doppler spread contributing to self-interference. With a less robust channel coding, the link performance is more directly affected by the quality of modulated signals.

The signal-to-noise ratio (SNR) of a perfectly modulated symbol is

	
[image: image10.wmf]16QAM at FER=1%

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0

5

10

15

20

25

30

EVM [%]

Ior/Ioc degradation [dB]

nc=1, nu=1

nc=1, nu=2

nc=1, nu=4

nc=2, nu=1

nc=2, nu=2

nc=2, nu=4


	(1)


, where 

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

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

	Ec/Ior is therefore the transmit power fraction for an assigned 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.


Given a channel coding scheme, the probability of error for the signal is a function of SNR. For a transmit power fraction (Ec/Ior), the required SNR for a target error rate corresponds to a required geometry factor Îor/Ioc. In the previous contribution [1], we have shown that under the AWGN propagation condition, modulation error results in an increase of the required Îor/Ioc to achieve the same SNR and thus the target error rate. The additional required  Îor/Ioc, expressed in dB, is
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We have used Error Vector Magnitude (EVM) [2, 3] to express the modulation accuracy while (Îor/Ioc)EVM=0 denotes the required geometry factor for the target error rate when the downlink signals are perfectly modulated. 

In this analysis, the probability of error for HSDPA transmissions is represented by frame error rate (FER), where a frame is the data unit associated with a CRC. In HSDPA, the high speed data transmitted within a TTI for an user is attached with a 24-bit CRC before Turbo coding. In the case of multi-code transmission, the UE is assigned nc (nc > 1) SF=16 code channels within a TTI, so the coded frame size is approximately nc times larger than the frame size in single-code transmission. This contributes to a higher required Îor/Ioc for a target FER in multi-code transmission.

In the case of multi-user transmission, the node-B is transmitting HSDPA data for multiple users in the cell and the available fraction of transmit power for HSDPA data channels has to be divided among the users. Suppose there are nu users the node-B is simultaneously supporting and each user is allocated the same transmit power, then according to equation (1), the required Îor/Ioc in perfect modulation has to increase nu fold compared with the single user case in order to achieve the same performance.

For this analysis, we first estimate the required Îor/Ioc value for a target FER when the signals are perfectly modulated (i.e., EVM = 0) from link-level simulations, and then we use equation (2) to evaluate the increase of the required Îor/Ioc in various degrees of modulation errors under the AWGN condition. The analysis is repeated for different scenarios of multi-code and multi-user transmission. 

3. Results of Analysis

The link simulation assumption is summarized in Table 1. Simulation results for single-code and double-code transmissions are shown in Table 2. The required Îor/Ioc values have been scaled up 3 dB to correct for the spreading factor parameter. Those results are of the single user scenario in perfect modulation. The corresponding Îor/Ioc with the same number of codes in the 2- and 4-user scenarios can be inferred by adding 3 dB and 6 dB respectively according to equation (1), assuming the transmit power for HSDPA data channels is evenly divided among the users.
	Simulation Parameter
	Value

	Carrier frequency
	2 GHz

	Propagation condition
	AWGN

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

	HS-PDSCH Tx power fraction (Combined power fraction of all HS-PDSCH channels)
	80% (-1 dB)

	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 

	FER
	Modulation
	Number of codes
	Required Îor/Ioc for 1 user

	10%
	QPSK
	1
	-6.42 dB

	
	
	2
	-3.56 dB

	
	16QAM
	1
	-0.32 dB

	
	
	2
	2.56 dB

	1%
	QPSK
	1
	-5.72 dB

	
	
	2
	-3.12 dB

	
	16QAM
	1
	0.38 dB

	
	
	2
	3.86 dB


Table 2: Link simulation results of required (Îor/Ioc)EVM=0 for 1 user at FER 10% and 1% with single and double code transmissions of QPSK and 16QAM (the numbers have been corrected for SF=16)

Taken the input of the required Îor/Ioc at EVM = 0, we calculate (Îor/Ioc as a function of EVM using equation (2) for different nc, nu, and FER. The results are shown in Figures A1 to A4 and Tables A1 to A4 in Appendix. As can be seen, the link performance degradation due to modulation error, indicated by (Îor/Ioc, rises significantly in double-code and multi-user transmissions.  The situation is especially worse for the 16QAM modulation which has a large degradation in double-code and multi-user scenarios at the current required EVM of 17.5% [2].
4. Conclusion

We have presented an analysis of modulation accuracy of HSDPA transmission for the worst-case AWGN environment where quality of the transmitted waveform has the greatest effect on radio link performance. In contrast to what appears to be small Îor/Ioc degradations in the single-code, single-user transmission reported in [1], our further study shows that modulation accuracy has a larger impact in multi-code and multi-user transmission scenarios of HSDPA, with 16QAM modulation predictably more susceptible to modulation error than QPSK.  In a future submission, we will offer results illustrating EVM-induced link performance degradation for more realistic Pedestrian-B and Vehicular-A channel models with number of codes the UE classes are capable of supporting (5-code, 10-code, and 15-code Tx), and we encourage other manufacturers to perform similar assessments in order to allow an EVM requirement for HSDPA to be established.
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Figure A1: (Îor/Ioc as a function of EVM for various nc-nu combinations at FER = 10% and with QPSK modulation
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Figure A2: (Îor/Ioc as a function of EVM for various nc-nu combinations at FER = 1% and with QPSK modulation
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Figure 3: (Îor/Ioc as a function of EVM for various nc-nu combinations at FER = 10% and with 16QAM modulation
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Figure 4: (Îor/Ioc as a function of EVM for various nc-nu combinations at FER = 1% and with 16QAM modulation
	EVM (%)
	Single-code Tx
	Double-code Tx

	
	Nu = 1
	Nu = 2
	Nu = 4
	Nu = 1
	Nu = 2
	Nu = 4

	2.5
	0.003 
	0.004
	0.005
	0.004
	0.005
	0.007

	5.0
	0.013
	0.016
	0.021
	0.016
	0.020
	0.030

	7.5
	0.030
	0.035
	0.047
	0.035
	0.046
	0.067

	10.0
	0.053
	0.063
	0.083
	0.062
	0.082
	0.120

	12.5
	0.083
	0.098
	0.129
	0.097
	0.127
	0.188

	15.0
	0.119
	0.141
	0.186
	0.140
	0.183
	0.271

	17.5
	0.161
	0.192
	0.253
	0.190
	0.250
	0.371

	20.0
	0.210
	0.250
	0.331
	0.248
	0.326
	0.486

	22.5
	0.265
	0.316
	0.419
	0.312
	0.412
	0.618

	25.0
	0.326
	0.389
	0.517
	0.385
	0.509
	0.768


Table A1: Îor/Ioc degradation in dB for FER = 10% with QPSK single- and double-code transmissions for various EVM values (1st column) and number of users (Nu)

	EVM (%)
	Single-code Tx
	Double-code Tx

	
	Nu = 1
	Nu = 2
	Nu = 4
	Nu = 1
	Nu = 2
	Nu = 4

	2.5
	0.003
	0.004
	0.006
	0.004
	0.005
	0.008

	5.0
	0.013
	0.017
	0.022
	0.016
	0.021
	0.032

	7.5
	0.031
	0.037
	0.050
	0.036
	0.048
	0.072

	10.0
	0.055
	0.066
	0.090
	0.064
	0.086
	0.128

	12.5
	0.086
	0.104
	0.140
	0.101
	0.134
	0.201

	15.0
	0.123
	0.149
	0.202
	0.144
	0.193
	0.291

	17.5
	0.167
	0.203
	0.275
	0.196
	0.262
	0.397

	20.0
	0.217
	0.264
	0.360
	0.256
	0.343
	0.521

	22.5
	0.274
	0.334
	0.456
	0.323
	0.434
	0.664

	25.0
	0.337
	0.411
	0.563
	0.398
	0.536
	0.825


Table A2: Îor/Ioc degradation in dB for FER = 1% with QPSK single- and double-code transmissions for various EVM values (1st column) and number of users (Nu)

	EVM (%)
	Single-code Tx
	Double-code TX

	
	Nu = 1
	Nu = 2
	Nu = 4
	Nu = 1
	Nu = 2
	Nu = 4

	2.5
	0.005
	0.008
	0.013
	0.008
	0.012
	0.022

	5.0
	0.021
	0.031
	0.051
	0.030
	0.050
	0.089

	7.5
	0.047
	0.070
	0.116
	0.069
	0.113
	0.203

	10.0
	0.084
	0.124
	0.207
	0.122
	0.202
	0.367

	12.5
	0.131
	0.195
	0.326
	0.191
	0.318
	0.584

	15.0
	0.188
	0.282
	0.474
	0.276
	0.463
	0.862

	17.5
	0.256
	0.384
	0.653
	0.377
	0.638
	1.209

	20.0
	0.334
	0.505
	0.866
	0.495
	0.845
	1.640

	22.5
	0.424
	0.642
	1.115
	0.630
	1.088
	2.176

	25.0
	0.523
	0.798
	1.405
	0.783
	1.369
	2.849


Table A3: Îor/Ioc degradation in dB for FER = 10% with 16QAM single- and double-code transmissions for various EVM values (1st column) and number of users (Nu)

	EVM (%)
	Single-code Tx
	Double-code Tx

	
	Nu = 1
	Nu = 2
	Nu = 4
	Nu = 1
	Nu = 2
	Nu = 4

	2.5
	0.006
	0.009
	0.015
	0.009
	0.016
	0.029

	5.0
	0.023
	0.035
	0.058
	0.037
	0.064
	0.117

	7.5
	0.051
	0.078
	0.132
	0.084
	0.145
	0.268

	10.0
	0.091
	0.139
	0.236
	0.150
	0.259
	0.486

	12.5
	0.142
	0.218
	0.373
	0.236
	0.410
	0.780

	15.0
	0.205
	0.315
	0.543
	0.341
	0.599
	1.164

	17.5
	0.279
	0.431
	0.751
	0.467
	0.830
	1.659

	20.0
	0.364
	0.566
	1.000
	0.615
	1.108
	2.298

	22.5
	0.461
	0.721
	1.293
	0.785
	1.439
	3.140

	25.0
	0.570
	0.899
	1.639
	0.979
	1.833
	4.299


Table A4: Îor/Ioc degradation in dB for FER = 1% with 16QAM single- and double-code transmissions for various EVM values (1st column) and number of users (Nu)
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� The spreading factor parameter is different from the standardized value of 16. For this reason, the required Îor/Ioc (shown in Table 2) needs to be scaled up 3 dB from the original simulation results.


� The TTI size is different from the standardized value of 3 slots (3 x 2560 chips). As a result, the actual required Îor/Ioc for a target FER should be lower than the simulated results and the Îor/Ioc degradation is somewhat overestimated in this analysis.
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		7.5		0.0309105087		0.0374391947		0.0504950367		0.0362868398		0.0481891702		0.0720353612

		10		0.0548648326		0.0664918468		0.0897842222		0.0644386119		0.0856664281		0.1283340832

		12.5		0.0855524244		0.1037609115		0.1403213458		0.1005434354		0.1338497908		0.2010778479

		15		0.1228922235		0.1491854749		0.2021279272		0.1445358413		0.1927420233		0.2905550614

		17.5		0.1667873788		0.2026936337		0.2752354965		0.1963382692		0.2623509815		0.3971399696

		20		0.2171264972		0.264203946		0.3596887833		0.2558624606		0.3426923061		0.5213072928

		22.5		0.2737850458		0.3336270799		0.4555495483		0.3230110388		0.4337926267		0.6636511848

		25		0.3366268774		0.4108676337		0.5629011049		0.3976792449		0.5356932956		0.8249096512





16QAM FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.005235756		0.007747525		0.0127635082		0.0076102563		0.0124893088		0.0222407083

		5		0.0209416676		0.031015048		0.0511841736		0.0304640822		0.0500798054		0.0894850704

		7.5		0.0471138941		0.0698783593		0.1156591407		0.06863153		0.1131453927		0.2033492821

		10		0.0837467975		0.1244669687		0.2068733797		0.1222323231		0.2023304725		0.3667018492

		12.5		0.1308340834		0.194969028		0.3258366979		0.1914404301		0.3185839483		0.5839640453

		15		0.1883703956		0.2816385047		0.4739408414		0.2764907161		0.4632115319		0.8616217417

		17.5		0.2563533611		0.3848049201		0.6530431473		0.377687951		0.6379520774		1.2090836598

		20		0.3347860864		0.50488611		0.8655871281		0.4954185763		0.8450870734		1.6401551751

		22.5		0.4236801108		0.6424046536		1.1147766975		0.6301657999		1.0875978906		2.1756974465

		25		0.5230588292		0.798008883		1.4048314704		0.7825288175		1.3693945286		2.8487905762





16QAM FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0056770443		0.0086285648		0.0145236233		0.0093203454		0.0159058917		0.0290757

		5		0.0227101725		0.0345525936		0.0582782645		0.0373317443		0.0638555715		0.1172665913

		7.5		0.0511056638		0.077888549		0.1318261068		0.0841872716		0.144560196		0.2675874118

		10		0.090874962		0.1388354742		0.2361416194		0.1501487918		0.2592574941		0.4855080551

		12.5		0.1420361483		0.2176826703		0.3726725093		0.2355974968		0.4097979062		0.7797581086

		15		0.2046160166		0.3148210098		0.5434355014		0.3410495629		0.5987819037		1.1638021762

		17.5		0.2786527675		0.4307585286		0.7511601796		0.4671779666		0.8297702673		1.6585823616

		20		0.3641993451		0.5661412404		0.9995029841		0.6148420075		1.107604826		2.2979335708

		22.5		0.4613274575		0.7217805366		1.2933687074		0.7851268123		1.438905554		3.1403994708

		25		0.5701323369		0.8986891374		1.6394045332		0.9793961659		1.8328643986		4.299228209
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Plot QPSK 10%
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QPSK FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0033324992		0.0039486608		0.005178326		0.0039094732		0.0051001147		0.0074767327

		5		0.0133203689		0.0157865947		0.020711551		0.0156297126		0.0203981806		0.0299281988

		7.5		0.0299348526		0.0354897947		0.0465946382		0.0351363149		0.0458875763		0.0674190235

		10		0.0531284464		0.0630187076		0.0828199323		0.0623890624		0.0815579759		0.1200596806

		12.5		0.0828355217		0.0983189101		0.1293782662		0.0973325941		0.1273964096		0.188010745

		15		0.1189731762		0.1413220351		0.186260503		0.1398973233		0.1833887407		0.2714890669

		17.5		0.16144229		0.1919469271		0.2534595135		0.190000583		0.2495215534		0.3707761115

		20		0.2101287634		0.2501010027		0.3309725827		0.2475479726		0.3257844471		0.4862288198

		22.5		0.2649049065		0.3156817895		0.4188042523		0.3124348816		0.4121727343		0.6182934907

		25		0.325630949		0.3885786142		0.5169696037		0.3845481577		0.508690547		0.7675233844





Plot QPSK 1%
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QPSK FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.003440771		0.0041647248		0.0056095631		0.0040370126		0.0053546628		0.0079849157

		5		0.0137536576		0.0166516534		0.0224397002		0.0161403146		0.0214181446		0.0319680047

		7.5		0.0309105087		0.0374391947		0.0504950367		0.0362868398		0.0481891702		0.0720353612

		10		0.0548648326		0.0664918468		0.0897842222		0.0644386119		0.0856664281		0.1283340832

		12.5		0.0855524244		0.1037609115		0.1403213458		0.1005434354		0.1338497908		0.2010778479

		15		0.1228922235		0.1491854749		0.2021279272		0.1445358413		0.1927420233		0.2905550614

		17.5		0.1667873788		0.2026936337		0.2752354965		0.1963382692		0.2623509815		0.3971399696

		20		0.2171264972		0.264203946		0.3596887833		0.2558624606		0.3426923061		0.5213072928

		22.5		0.2737850458		0.3336270799		0.4555495483		0.3230110388		0.4337926267		0.6636511848

		25		0.3366268774		0.4108676337		0.5629011049		0.3976792449		0.5356932956		0.8249096512





Plot 16QAM 10%
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16QAM FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.005235756		0.007747525		0.0127635082		0.0076102563		0.0124893088		0.0222407083

		5		0.0209416676		0.031015048		0.0511841736		0.0304640822		0.0500798054		0.0894850704

		7.5		0.0471138941		0.0698783593		0.1156591407		0.06863153		0.1131453927		0.2033492821

		10		0.0837467975		0.1244669687		0.2068733797		0.1222323231		0.2023304725		0.3667018492

		12.5		0.1308340834		0.194969028		0.3258366979		0.1914404301		0.3185839483		0.5839640453

		15		0.1883703956		0.2816385047		0.4739408414		0.2764907161		0.4632115319		0.8616217417

		17.5		0.2563533611		0.3848049201		0.6530431473		0.377687951		0.6379520774		1.2090836598

		20		0.3347860864		0.50488611		0.8655871281		0.4954185763		0.8450870734		1.6401551751

		22.5		0.4236801108		0.6424046536		1.1147766975		0.6301657999		1.0875978906		2.1756974465

		25		0.5230588292		0.798008883		1.4048314704		0.7825288175		1.3693945286		2.8487905762





Plot 16QAM 1%
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16QAM FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0056770443		0.0086285648		0.0145236233		0.0093203454		0.0159058917		0.0290757

		5		0.0227101725		0.0345525936		0.0582782645		0.0373317443		0.0638555715		0.1172665913

		7.5		0.0511056638		0.077888549		0.1318261068		0.0841872716		0.144560196		0.2675874118

		10		0.090874962		0.1388354742		0.2361416194		0.1501487918		0.2592574941		0.4855080551

		12.5		0.1420361483		0.2176826703		0.3726725093		0.2355974968		0.4097979062		0.7797581086

		15		0.2046160166		0.3148210098		0.5434355014		0.3410495629		0.5987819037		1.1638021762

		17.5		0.2786527675		0.4307585286		0.7511601796		0.4671779666		0.8297702673		1.6585823616

		20		0.3641993451		0.5661412404		0.9995029841		0.6148420075		1.107604826		2.2979335708

		22.5		0.4613274575		0.7217805366		1.2933687074		0.7851268123		1.438905554		3.1403994708

		25		0.5701323369		0.8986891374		1.6394045332		0.9793961659		1.8328643986		4.299228209
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Plot QPSK 10%
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QPSK FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0033324992		0.0039486608		0.005178326		0.0039094732		0.0051001147		0.0074767327

		5		0.0133203689		0.0157865947		0.020711551		0.0156297126		0.0203981806		0.0299281988

		7.5		0.0299348526		0.0354897947		0.0465946382		0.0351363149		0.0458875763		0.0674190235

		10		0.0531284464		0.0630187076		0.0828199323		0.0623890624		0.0815579759		0.1200596806

		12.5		0.0828355217		0.0983189101		0.1293782662		0.0973325941		0.1273964096		0.188010745

		15		0.1189731762		0.1413220351		0.186260503		0.1398973233		0.1833887407		0.2714890669

		17.5		0.16144229		0.1919469271		0.2534595135		0.190000583		0.2495215534		0.3707761115

		20		0.2101287634		0.2501010027		0.3309725827		0.2475479726		0.3257844471		0.4862288198

		22.5		0.2649049065		0.3156817895		0.4188042523		0.3124348816		0.4121727343		0.6182934907

		25		0.325630949		0.3885786142		0.5169696037		0.3845481577		0.508690547		0.7675233844





Plot QPSK 1%
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QPSK FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.003440771		0.0041647248		0.0056095631		0.0040370126		0.0053546628		0.0079849157

		5		0.0137536576		0.0166516534		0.0224397002		0.0161403146		0.0214181446		0.0319680047

		7.5		0.0309105087		0.0374391947		0.0504950367		0.0362868398		0.0481891702		0.0720353612

		10		0.0548648326		0.0664918468		0.0897842222		0.0644386119		0.0856664281		0.1283340832

		12.5		0.0855524244		0.1037609115		0.1403213458		0.1005434354		0.1338497908		0.2010778479

		15		0.1228922235		0.1491854749		0.2021279272		0.1445358413		0.1927420233		0.2905550614

		17.5		0.1667873788		0.2026936337		0.2752354965		0.1963382692		0.2623509815		0.3971399696

		20		0.2171264972		0.264203946		0.3596887833		0.2558624606		0.3426923061		0.5213072928

		22.5		0.2737850458		0.3336270799		0.4555495483		0.3230110388		0.4337926267		0.6636511848

		25		0.3366268774		0.4108676337		0.5629011049		0.3976792449		0.5356932956		0.8249096512





Plot 16QAM 10%
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16QAM FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.005235756		0.007747525		0.0127635082		0.0076102563		0.0124893088		0.0222407083

		5		0.0209416676		0.031015048		0.0511841736		0.0304640822		0.0500798054		0.0894850704

		7.5		0.0471138941		0.0698783593		0.1156591407		0.06863153		0.1131453927		0.2033492821

		10		0.0837467975		0.1244669687		0.2068733797		0.1222323231		0.2023304725		0.3667018492

		12.5		0.1308340834		0.194969028		0.3258366979		0.1914404301		0.3185839483		0.5839640453

		15		0.1883703956		0.2816385047		0.4739408414		0.2764907161		0.4632115319		0.8616217417

		17.5		0.2563533611		0.3848049201		0.6530431473		0.377687951		0.6379520774		1.2090836598

		20		0.3347860864		0.50488611		0.8655871281		0.4954185763		0.8450870734		1.6401551751

		22.5		0.4236801108		0.6424046536		1.1147766975		0.6301657999		1.0875978906		2.1756974465

		25		0.5230588292		0.798008883		1.4048314704		0.7825288175		1.3693945286		2.8487905762





16QAM FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0056770443		0.0086285648		0.0145236233		0.0093203454		0.0159058917		0.0290757

		5		0.0227101725		0.0345525936		0.0582782645		0.0373317443		0.0638555715		0.1172665913

		7.5		0.0511056638		0.077888549		0.1318261068		0.0841872716		0.144560196		0.2675874118

		10		0.090874962		0.1388354742		0.2361416194		0.1501487918		0.2592574941		0.4855080551

		12.5		0.1420361483		0.2176826703		0.3726725093		0.2355974968		0.4097979062		0.7797581086

		15		0.2046160166		0.3148210098		0.5434355014		0.3410495629		0.5987819037		1.1638021762

		17.5		0.2786527675		0.4307585286		0.7511601796		0.4671779666		0.8297702673		1.6585823616

		20		0.3641993451		0.5661412404		0.9995029841		0.6148420075		1.107604826		2.2979335708

		22.5		0.4613274575		0.7217805366		1.2933687074		0.7851268123		1.438905554		3.1403994708

		25		0.5701323369		0.8986891374		1.6394045332		0.9793961659		1.8328643986		4.299228209
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QPSK FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0033324992		0.0039486608		0.005178326		0.0039094732		0.0051001147		0.0074767327

		5		0.0133203689		0.0157865947		0.020711551		0.0156297126		0.0203981806		0.0299281988

		7.5		0.0299348526		0.0354897947		0.0465946382		0.0351363149		0.0458875763		0.0674190235

		10		0.0531284464		0.0630187076		0.0828199323		0.0623890624		0.0815579759		0.1200596806

		12.5		0.0828355217		0.0983189101		0.1293782662		0.0973325941		0.1273964096		0.188010745

		15		0.1189731762		0.1413220351		0.186260503		0.1398973233		0.1833887407		0.2714890669

		17.5		0.16144229		0.1919469271		0.2534595135		0.190000583		0.2495215534		0.3707761115

		20		0.2101287634		0.2501010027		0.3309725827		0.2475479726		0.3257844471		0.4862288198

		22.5		0.2649049065		0.3156817895		0.4188042523		0.3124348816		0.4121727343		0.6182934907

		25		0.325630949		0.3885786142		0.5169696037		0.3845481577		0.508690547		0.7675233844





Plot QPSK 1%
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QPSK FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.003440771		0.0041647248		0.0056095631		0.0040370126		0.0053546628		0.0079849157

		5		0.0137536576		0.0166516534		0.0224397002		0.0161403146		0.0214181446		0.0319680047

		7.5		0.0309105087		0.0374391947		0.0504950367		0.0362868398		0.0481891702		0.0720353612

		10		0.0548648326		0.0664918468		0.0897842222		0.0644386119		0.0856664281		0.1283340832

		12.5		0.0855524244		0.1037609115		0.1403213458		0.1005434354		0.1338497908		0.2010778479

		15		0.1228922235		0.1491854749		0.2021279272		0.1445358413		0.1927420233		0.2905550614

		17.5		0.1667873788		0.2026936337		0.2752354965		0.1963382692		0.2623509815		0.3971399696

		20		0.2171264972		0.264203946		0.3596887833		0.2558624606		0.3426923061		0.5213072928

		22.5		0.2737850458		0.3336270799		0.4555495483		0.3230110388		0.4337926267		0.6636511848

		25		0.3366268774		0.4108676337		0.5629011049		0.3976792449		0.5356932956		0.8249096512





16QAM FER 10%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.005235756		0.007747525		0.0127635082		0.0076102563		0.0124893088		0.0222407083

		5		0.0209416676		0.031015048		0.0511841736		0.0304640822		0.0500798054		0.0894850704

		7.5		0.0471138941		0.0698783593		0.1156591407		0.06863153		0.1131453927		0.2033492821

		10		0.0837467975		0.1244669687		0.2068733797		0.1222323231		0.2023304725		0.3667018492

		12.5		0.1308340834		0.194969028		0.3258366979		0.1914404301		0.3185839483		0.5839640453

		15		0.1883703956		0.2816385047		0.4739408414		0.2764907161		0.4632115319		0.8616217417

		17.5		0.2563533611		0.3848049201		0.6530431473		0.377687951		0.6379520774		1.2090836598

		20		0.3347860864		0.50488611		0.8655871281		0.4954185763		0.8450870734		1.6401551751

		22.5		0.4236801108		0.6424046536		1.1147766975		0.6301657999		1.0875978906		2.1756974465

		25		0.5230588292		0.798008883		1.4048314704		0.7825288175		1.3693945286		2.8487905762





16QAM FER 1%

		EVM [%]		nc=1, nu=1		nc=1, nu=2		nc=1, nu=4		nc=2, nu=1		nc=2, nu=2		nc=2, nu=4

		0		0		0		0		0		0		0

		2.5		0.0056770443		0.0086285648		0.0145236233		0.0093203454		0.0159058917		0.0290757

		5		0.0227101725		0.0345525936		0.0582782645		0.0373317443		0.0638555715		0.1172665913

		7.5		0.0511056638		0.077888549		0.1318261068		0.0841872716		0.144560196		0.2675874118

		10		0.090874962		0.1388354742		0.2361416194		0.1501487918		0.2592574941		0.4855080551

		12.5		0.1420361483		0.2176826703		0.3726725093		0.2355974968		0.4097979062		0.7797581086

		15		0.2046160166		0.3148210098		0.5434355014		0.3410495629		0.5987819037		1.1638021762

		17.5		0.2786527675		0.4307585286		0.7511601796		0.4671779666		0.8297702673		1.6585823616

		20		0.3641993451		0.5661412404		0.9995029841		0.6148420075		1.107604826		2.2979335708

		22.5		0.4613274575		0.7217805366		1.2933687074		0.7851268123		1.438905554		3.1403994708

		25		0.5701323369		0.8986891374		1.6394045332		0.9793961659		1.8328643986		4.299228209
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