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Introduction

There is considerable discussion in RAN WG4 about the appropriate test limit to set for the chip level EVM measurement.  This document offers a rather simplified view of the issues in an attempt to help focus the discussion.

Analysis

When a given code channel is de-spread by computing the inner product of the spreading code and the received chip stream, the result is a sequence of complex valued symbols which can then be QPSK demodulated to give the raw DPCH bitstream.

If we can decide on an acceptable BER for the raw DPCH bitstream, then we can compute the corresponding Eb/No required at the demodulator input.

For QPSK, the probability of a symbol error 
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 is given by the standard textbook equation,
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Where 
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 is the complementary error function given by,
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In practice, the insignificant joint probability term is usually dropped and equation (1.1)

 is simplified to,
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The corresponding bit error probability is directly related to the symbol error probability but the exact relationship depends on how many bit errors are caused by each symbol error.  For a Gray code mapped constellation we typically assume that an erroneous symbol causes just one bit error, which for QPSK gives us,
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and hence,
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If we consider a raw DPCH BER = 
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 to be acceptable (just an example, not a proposal) then the corresponding minimum 
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The corresponding signal power present at the QPSK demodulator  is given by energy per bit, times bits per symbol, times symbols per second.  Assuming a de-spread symbol rate, 
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, we get,
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Similarly, the noise power is the bandwidth (in this case equal to the symbol rate) times the noise power density,
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So the S/N ratio = 
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ratio, and, since EVM is essentially 
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 , for 
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dB, we get a corresponding symbol level EVM of,
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This symbol level EVM "budget" must be apportioned to de-spread noise from the communications channel (other users) and to errors in the modulation process.  Errors due to imperfect modulation reduce the available noise margin.

The exact reduction due to modulation error depends (as was shown in [1]) on the spreading factor and on the number of users.

If we take, as an example, a spreading factor of 64 and 16 users, then, somewhat simplistically, the signal power at the chip level is 
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and the noise power is 
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 so the chip level EVM "budget" is,
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In other words, with a perfect transmitter we can tolerate 64 units of noise.  Now, if we introduce into this equation an additional 30% EVM (for example) to represent modulation error we get,
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The prevailing 64 units of noise is still there, but we now have additional "noise" due to the imperfect modulator and we are "over budget" on EVM.  To restore the EVM to 64.72% we must increase the 
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value to 7.84 dB.

In other words, based on this rough calculation, for SF = 64 with 16 users, a modulator inaccuracy expressed as 30% EVM increases the necessary 
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 margin by about 1 dB.

Conclusion

This simple calculation agrees well with the conclusions reached by more rigorous simulation methods in [1] and therefore tends to support the conclusions drawn in that document, while hopefully giving some insight into the underlying mechanisms.

[1]  TSGR4#9 (99) 905  "Modulation Accuracy of Base Station", Fujitsu.
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