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1. Discussion

This contribution proposes the introduction of a unequalised EVM measurement. And is trying to reach consensus between contributions [1] and [2].
2. Draft text proposal to TR36.803

6.8
Transmit modulation

E-UTRA Background

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE 
Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of an Error Vector Magnitude (EVM) for the allocated resources blocks (RBs) and in terms of in-band emissions for the non-allocated RBs.
E-UTRA requirements
Measurement point
The unwanted emission falling into non-allocated RB(s) is calculated directly after the FFT as described below. In contrast to this, the EVM for the allocated RB(s) is calculated after the IDFT.
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Figure 6.8.1-1: EVM measurement points
Basic Error Vector Magnitude measurement

The EVM is the difference between the ideal waveform and the measured waveform for the allocated RB(s)
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 modulation symbols with the considered modulation scheme being active within the measurement period,
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 are the samples of the signal evaluated for the EVM as defined in the subsection 6.8.4(ii),,
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 is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
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 is equal to 1.
The basic EVM measurement interval is defined over one [slot] in the time domain except when the mean power between [slot] is expected to change due to power control 

i. Basic in-band emissions measurement

The in-band emissions are a measure of the interference falling into the non-allocated resources blocks 
For the non-allocated RBs below the allocated frequency block the in-band emissions would be measured as follows
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SC-FDMA symbols with the considered modulation scheme being active within the measurement period, 
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB),
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) is the lower (resp. upper) edge of the UL system BW, 
c is the lower edge of the allocated BW, and 
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 is the frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)
The relative in-band emissions are, given by
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where
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 is the number of allocated RBs 
The basic in-band emissions measurement interval is defined over one [slot] in the time domain except when the mean power between [slot] is expected to change due to power control 

ii. Modified signal under test

To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

Notation:

[image: image20.wmf]t

~

D

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
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 is the RF frequency offset.
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 is the phase response of the TX chain.
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 is the amplitude response of the TX chain.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in the next subsections)  or the last sample of the first window half if 
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is even.

The EVM analyser shall

· detect the start of each subframe and estimate 
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· determine 
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  so that the EVM window of length 
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 is centred on the measured cyclic prefix of the considered OFDM symbol.  
To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

·  correct the RF frequency offset 
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for each subframe, and
· apply an FFT of appropriate size.
The IQ origin offset shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs. The signal on the non-allocated RB(s), 
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, is used to evaluate the in-band emissions. 

Moreover, the following procedure applies only to the signal on the allocated RB(s). 
Two UL EVM analyser procedures are defined. One for EVMeq and EVMneq.
The UL EVMeq uses equalisation on subcarrier level.  The analyzer shall then estimate the TX chain equalizer coefficients 
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 used by the ZF equalizer for all subcarriers by

1. time averaging at each reference signal subcarrier of the amplitude and phase of the reference symbols, the time-averaging length is [1] subframe. This process creates an average amplitude and phase for each reference signal subcarrier.
At this stage estimates of 
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 are available. 
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 is one of the extremities of the window 
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, i.e. 
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, where 
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 is odd and 
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is even. The EVM analyser shall then

· calculate EVMeq,l with 
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· calculate EVMeq,h with 
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The UL EVMneq uses no equalisation.  The analyzer shall only estimate one  TX chain correction coefficient for amplitude and phase by
1. time averaging at each reference signal subcarrier of the amplitude and phase of the reference symbols, the time-averaging length is [1] subframe. This process creates an average amplitude and phase for each reference signal subcarrier.
2. averaging in the frequency of the time averaged amplitude and phase for each reference signal subcarrier. This will yield in a correction coefficient 
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At this stage estimates of 
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 is centered on the CP. The EVM analyser shall then

· calculate EVMneq .
a. Timing offset

As a result of using a cyclic prefix, there is a range of
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, which, at least in the case of perfect Tx signal quality, would give close to minimum error vector magnitude.  As a first order approximation, that range should be equal to the length of the cyclic prefix.  Any time domain windowing or FIR pulse shaping applied by the transmitter reduces the 
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 range within which the error vector is close to its minimum. 

b. Window length

The window length 
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 affects EVM, and could be expressed as a certain percentage of the configured cyclic prefix length. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is reduced. This is because the equalization can correct most of the linear distortion introduced by the FIR. However, the time domain windowing effect can’t be removed. 

d. Window length for normal CP

[FFS]
e. Window length for Extended CP

[FFS]
….
VI. Minimum requirement for Spectrum Flatness
The spectrum flatness is defined as a relative power variation across the subcarrier of all RB of the allocated UL block. The spectrum flatness is measured as a dB value comparing the output power of a subcarrier and the average power per subcarrier.

The data for the subcarrier  output power shall be taken from the equaliser estimation step.

The measured spectrum flatness would be compared to the requirements shown in the following table:

Table 6.8.x-x: Minimum requirements for spectrum flatness
	
	Relative output power (in dB )

	Spectrum Flatness
	Tbd.


The spectrum flatness requirement could be expressed by a formula such as  
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. The definition for modified requirements for RB allocations at the band edges is ffs.
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