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Introduction

This contribution proposes text for inclusion in the BS specification [1] regarding EVM. Since the definition has now been almost completed it is time to progress the work by cleaning up the definition for the specification and agree on suitable requirement levels.
Discussion

The definition of EVM is quite involved and there are many details in how the measure is defined. In the base station technical report [2] the section dealing with EVM is six pages and although the definition can be shortened somewhat for the purpose of the specification the text is still quite lengthy. To avoid a too long EVM section in the main document the detailed definition has been placed in an appendix and we only include a short section in the transmitter requirements chapter. The definition in the appendix is the same as the EVM definition in the technical report. However the text has been revised to clarify and make the definition unambiguous.  Note that there is a correction in the denominator of the expression in section E.3. The expression 
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. I.e. the minus sign has been removed.
For the values we propose 17.5+1% for QPSK modulated signals, 12.5+1% for 16QAM and 8+1% for 64QAM modulated signals.

The “+1%” is an artefact of the way EVM is defined. In system studies AWGN has been used to model the effect of transmitter EVM. However it has been shown [3] that when adding AWGN on the symbol level with a magnitude corresponding to for example 8% EVM the actual value measured using the definition with channel estimation, equalisation etc will result in a value that is up to 1% larger, i.e. 9%. Hence the “+1” notation.
Simulations have shown that an acceptable EVM level for 64QAM from 7% to 9%[4-6], acceptable in the sense that the overall system impact is a 5% throughput loss. Note that both these studies have modelled EVM using AWGN as an error source. Thus using the actual EVM definition these studies have actually shown that an acceptable EVM in the range 8 to 10%. As a compromise proposal we propose to use 9% (8+1) for the requirement for 64QAM.
For QPSK and 16QAM the system simulations have shown 17.5+1% and 12.5+1% to be acceptable.
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6.5
Transmitted signal quality

<Text will be added.>

6.5.1
Frequency error

<Text will be added.>

6.5.2
Error Vector Magnitude

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser paramteters are estimated as defined in Annex E. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.  

For all bandwidths, the EVM measurement shall be performed over all allocated resource blocks and subframes within a frame. The EVM value is then calculated as the mean square root of the measured values. The required EVM for different modulation schemes on PDSCH shall be better than table 6.5.2-1:

 Table 6.5.2-1 EVM requirements 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	[17.5+1] %

	16QAM
	[12.5+1] %

	64QAM
	[8+1]%



6.5.3
Time alignment between transmitter branches

<Text will be added.>
Annex E (normative):
Error Vector Magnitude

E.1 Reference point for measurement
The EVM should be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in Figure E.1-1 below.
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Figure E.1-1: Reference point for EVM measurement

E.2
Basic unit of measurement

The basic unit of EVM measurement is defined over one subframe (1ms) in the time domain and 
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 subcarriers (180kHz) in the frequency domain: 
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where
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 is the set of symbols with the considered modulation scheme being active within the subframe,
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is the set of subcarriers within the 
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 subcarriers with the considered modulation scheme being active in symbol t, 
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 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,
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 is the modified signal under test defined in E.3.

Note: 
Although the basic unit of measurement is one subframe, the equalizer is calculated over the entire [10] subframes measurement period to reduce the impact of noise in the reference symbols.
E.3
Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalised and decoded according to:
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where
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 is the time domain samples of the signal under test.
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM measured and the maximum used as described in E.7.
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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.
E.4
Estimation of frequency offset

The observation period for determining the frequency offset 
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 should be 1 ms.
E.5
Estimation of time offset

The observation period for determining the sample timing difference 
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should be 1 ms.
In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in E.5.1)  or the last sample of the first window half if 
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is even.
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is estimated so that the EVM window of length 
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 is centred on  the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the primary synchronization signal and reference signals. To limit time distortion of any transmit filter the reference signals in the [1] outer RBs are not taken into account in the timing estimation
Two values for 
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 is odd and 
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is even.
When the cyclic prefix length varies from symbol to symbol (e.g. time multiplexed MBMS and unicast) then  
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 should be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type. 

E.5.1
Window length

Table E.5.1-1 below specifies EVM window length (W) for short CP. 

Table E.5.1-1  EVM window length for short CP
	Bandwidth MHz
	FFT size
	Number of useful RBs
	Cyclic prefix length 
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	EVM window length W
	Ratio of W to total CP (%)

	1.4
	128
	6
	9
	[7]
	[77.8]

	3
	256
	15
	18
	[15]
	[83.3]

	5
	512
	25
	36
	[32]
	[88.8]

	10
	1024
	50
	72
	[66]
	[91.7]

	15
	1536
	75
	108
	[102]
	[94.4]

	20
	2048
	100
	144
	[136]
	[94.4]


Table E.5.1-2 below specifies EVM window length (W) for extended CP. 

Table E.5.1-2  EVM window length for extended CP
	Bandwidth MHz
	FFT size
	Number of useful RBs
	Cyclic prefix length 
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	EVM window length W
	Ratio of W to total CP (%)

	1.4
	128
	6
	
	
	

	3
	256
	15
	
	
	

	5
	512
	25
	
	
	

	10
	1024
	50
	
	
	

	15
	1536
	75
	
	
	

	20
	2048
	100
	
	
	


E.6
Estimation of TX chain amplitude and frequency response parameters

The equalizer coefficients 
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 are determined as follows:
1. time averaging at each reference signal subcarrier of the amplitude and phase of the reference symbols, the time-averaging length is [10] subframes This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every third subcarrier with the exception of the reference subcarrier spacing across the DC subcarrier).
2. The equalizer coefficients for amplitude and phase 
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 at the reference signal subcarriers  are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers. The moving average window size is 19. For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure E.6-1. 
3. performing linear interpolation from the equalizer coefficients 
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Figure E.6-1: Reference subcarrier smoothing in the frequency domain

E.7
Averaged EVM

EVM is averaged over all allocated resource blocks with the considered modulation scheme in the frequency domain, and 10 consecutive downlink subframes (10 ms):
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Where Ni is the number of resource blocks with the considered modulation scheme in subframe i.

The EVM requirements should be tested against the maximum of  the RMS average at the window W extremities of the EVM measurements:

Thus 
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Thus we get:
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For TDD special fields (DwPTS and GP) are not included in the averaging.
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Reference subcarriers







The second reference subcarrier is the average of the first three subcarriers







The first reference subcarrier is not averaged







From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and the window size reduces back to 1







The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers
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