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Introduction
Subclause 6.9.4 introduces the concept of error vector magnitude as a measure of modulation accuracy [1].  However, this subclause neglected to specify a required minimum performance for the 802.22.1 transmitter.  This omission was addressed by Letter Ballot 1 comment # 36 [2]:
Table I. Summary of relevant comments.
	Comment No.
	Comment
	Proposed Remedy

	36
	Why is there a discussion on modulation accuracy and the EVM measurement without any specification?
	Provide a specification for the EVM.


The following discussion gives the justification for the EVM value to be proposed.
Discussion
The error vector magnitude (‘EVM’) is a distortion of the signal that can be related to the transceiver’s phase noise, imperfect square-root raised cosine pulse design, imperfect filtering (e.g., filter group delay dispersion, magnitude response ripple/slope, mismatched corner frequency or roll-off), and nonlinear distortion such as power amplifier compression effects (e.g. AM-to-PM distortion).

The error vector contribution is generally modeled as a noise source proportional to the signal power S with normalized rms value σ (a proportionality constant) that adds to the existing receiver noise N, thereby degrading sensitivity (for a given signal level, there is an effectively higher noise floor N' ):



[image: image1.wmf]10

/

2

10

D

-

×

=

¢

=

×

+

N

S

N

S

S

N

S

s


(1)
where Δ is the (positive) budgeted or tolerable implementation loss due to the presence of the error vector.  The EVM proportionality constant can be solved for a given Δ and S / N value:
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(2)
For a budgeted degradation Δ of 0.5 dB at a chip SNR of e.g. 4.5 dB (S / N = 2.818x), the value of σ from Eq. (2) is 0.208 (‑13.6 dB).  Since this is the EVM for the total link, the transmitter and receiver should each be budgeted to contribute half the degradation, or ‑16.6 dB (14.8 %).

Note that the 802.11b EVM for a comparable DQPSK waveform is specified as a peak EVM value less than 35%.  Assuming 2.5 to 3 standard deviations of spread due to the error vector, this would correspond to rms values of about 12 to 14%, in line with the values described here.  

Note that all that is being specified in the standard is the transmitter modulation accuracy.
Actual remedy to Comment 36

Below is the existing text for Subclause 6.9.4 [1] , with new text (and the equation) emphasized with underscore.  Editorial instructions are given as <<…>>.  Some changes were made to the Eq. (9) from [1] to use the more conventional rms EVM value rather than a peak value, since the justification for the value is built on rms arguments.
6.9.4 Modulation Accuracy

An error vector magnitude (EVM) measurement is used to determine modulation accuracy.  In order to calculate the EVM measurement, a time record of N received signal coordinate pairs 
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 is captured.  For each received chip, a decision is made as to which chip was transmitted.  The ideal position of the chosen chip is represented by the vector 
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. The error vector 
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 is defined as the distance from this ideal position to the actual position of the received chip.
Thus, the received vector is the sum of the ideal vector and the error vector.
<<use existing Eq. (8)>>
The EVM for this standard is defined as <<insert new Eq. (9)>>
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(9)
<<insert new text: >> The transmit rms error vector magnitude shall be less than 14% averaged over one superframe (N = 124 octets x 8 = 992 symbols).
The EVM measurement shall be made on baseband I and Q data after recovery through an ideal reference receiver system. The ideal reference receiver shall perform carrier lock, chip timing recovery, and amplitude adjustment while making the measurements. The ideal reference receiver shall have a data filter impulse response that approximates that of an ideal root raised cosine filter with 50% excess bandwidth.
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Abstract


The first draft for IEEE 802.22.1 � REF _Ref176009735 \r \h ��[1]� described error vector magnitude (‘EVM’) in Subclause 6.9.4, but neglected to specify an EVM limit.  This omission was noted in Comment #36 of 802.22.1 Letter Ballot 1.  This contribution presents a justification for a value and proposes new text for 802.22.1 Draft 2.
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