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1. Introduction

Code Domain Error (CDE) defined in base station transmission specifications [1, 2] indicates the power of modulation noise remained in a code after despreading. Peak Code Domain Error (PCDE) is the highest CDE in the code space. Node-B Tx modulation accuracy is regulated by two metrics, namely, EVM (Error Vector Magnitude) and PCDE. While EVM requirement limits the modulation noise in the composite signal, requirement for PCDE constrain the maximum modulation noise after despreading.

EVM and PCDE, however, are not completely independent. 
[image: image13.wmf]-30

-29.8

-29.6

-29.4

-29.2

-29

-28.8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Peak code domain error power (dB)

Probability (CDF)

EVM=12.5%, SF=16, number of codes=16, modulation=16

 is the total modulation noise power relative to the power of composite signal. For each symbol interval, conservation of modulation noise power gives
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where 
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 is the CDE of the i-th code of spreading factor N. Because of the random nature of EVM noise, PCDE varies from measurement to measurement
, even there is no impairment specific to each code channel. Suppose there is no bias for projecting the error vector unto the codes, the “statistically maximum” PCDE depends on (1) EVM of the composite signal, (2) spreading factor of the codes, and (3) characteristics of the modulation noise. Although modulation type of the signal, i.e., QPSK or 16QAM, influence the composite signal to some extent, it does not affect the despreading of the signal and thus has only a slight effect on PCDE.

The correlation of PCDE and EVM has to be taken into account when the requirement for both is determined in the specifications. In this contribution, we will look at the probability distribution of PCDE in Gaussian modulation noise characterized by a EVM figure. The results of this analysis will provide us useful information for setting the PCDE requirement for HS-PDSCH.

2. Analysis

A baseband simulation as depicted in Figure 1 was performed to explore the maximum possible PCDE in an Gaussian EVM when there exists no impairments other than EVM itself. For each of the N codes of spreading factor N, random and uncorrelated bit stream was generated and used as signal of the code channels. In each chip interval, the error vector was generated by multiplying the square root of the mean Tx power by a zero-mean complex Gaussian random variable 
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 of variance 
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 in both in-phase and quadrature. 
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Figure 1: Block diagram of the simulation

The sequence of the error vectors thus represent a Gaussian modulation noise of the particular EVM, since 
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The generated error vector was added back to the composite signal vector and for each symbol interval the sequence of the resultant N signal vectors was despread in each Walsh code. The CDE of each code was computed over an interval of one time slot, or 2560 chips, and the maximum CDE in the code space was recorded for analysis. After accumulating the PCDE result over many time slots, we plotted the cumulative distribution function (CDF) of PCDE to show its probability distribution.

In this simulation, we have assumed that (1) the EVM noise is Gaussian, (2) the error vector is independent of the composite signal, (3) there is no impairment in addition to EVM. Furthermore, we did not use RRC filter in the simulation in order to model the error vectors of the desired EVM more precisely.

Figures 2 and 3 show the CDF of PCDE of QPSK-modulated signal at SF=256 with EVM 17.5% and 12.5% respectively. Current requirements are EVM ( 17.5% and PCDE ( -33dB at SF=256. The required PCDE level is higher than the statistically maximum PCDE (where CDF approaches 1 in Figure 2) in 17.5% EVM, which is around -34.7dB, or 4.5dB above the mean CDE, (17.5%)2 / 256 = -39.2dB.

Figures 4 and 5 show the CDF of PCDE of 16QAM-modulated signal at SF=16 with EVM 17.5% and 12.5% respectively. Assuming the proposed EVM of 12.5% [3] for the 16QAM modulated HS-PDSCH, the PCDE value where CDF(1 is approximately -29 dB, or 1.1dB above the mean CDE, -30.1dB. 

A comparison of the statistically maximum PCDE and mean CDE is given in Table 1, where the mean CDE is 
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 divided by the number of codes. We can observe that the statistically maximum PCDE is about 4.5dB higher than the mean CDE for SF=256 and about 1dB higher for SF=16. 

	
	EVM=17.5%

SF=256, QPSK
	EVM=12.5%

SF=256, QPSK
	EVM=17.5%

SF=16, 16QAM
	EVM=12.5%

SF=16, 16QAM

	Stat Max PCDE
	-34.7 dB
	-37.7 dB
	-26.2 dB
	-29.0 dB

	Mean CDE
	-39.2 dB
	-42.1 dB
	-27.2 dB
	-30.1 dB


Table 1: Comparison of statistically maximum PCDE and mean CDE in different combinations of EVM, SF, and modulation

3. Conclusion

For a given level of EVM, the random nature of modulation noise results in a probability distribution of the observed PCDE even in the absence of channel impairments. The highest possible (or statistically maximum) PCDE in the probability distribution strongly depends on EVM and spreading factor of channelization codes. Through our simulations, we conclude that in a Gaussian EVM of range 12.5% - 17.5%, the statistically maximum PCDE is approximately 4.5dB and 1dB above the mean CDE (i.e., the CDE when modulation noise power is evenly distributed over the code space) respectively for SF=256 and SF=16.

Since the statistically maximum PCDE at a spreading factor is determined by EVM, it is only reasonable to set the PCDE requirement above the statistically maximum level. This is indeed the case for the existing modulation accuracy requirements. Therefore, the lower bound of PCDE requirement for HS-PDSCH (SF=16) should be 
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dB. With our proposal of 12.5% EVM for HS-PDSCH, the lower bound of PCDE requirement is -29dB.
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Figure 2: CDF of PCDE of QPSK-modulated signal at SF=256 in EVM=17.5%

Figure 3: CDF of PCDE of QPSK-modulated signal at SF=256 in EVM=12.5%
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Figure 4: CDF of PCDE of 16QAM-modulated signal at SF=16 in EVM=17.5%

Figure 5: CDF of PCDE of 16QAM-modulated signal at SF=16 in EVM=12.5%[image: image12.wmf]-27.1
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� Note that in 3GPP specifications both EVM and PCDE are measured in one time slot or 2560 chips.
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