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Introduction
In the agreed EVM measurement definition [1], it seems that before calculating the EVM the timing offset 
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as well as the amplitude 
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and phase response 
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 of the TX-RX chain are jointly estimated. In RAN4#43bis it was shown that a separate estimation of these parameters is preferable [2].
Text Proposal to TR36.804

A text proposal for the section 6.8.1 of TR36.804 can be found in the following pages.
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6.8.1
EVM

6.8.1.1
Definition

6.8.1.1.1
Measurement system set-up
The measurement system set-up as currently specified in Annex B.1.2 of [24] for measuring UTRA BS EVM, as depicted in Figure 6.8.1.1-1 below, should be used for measuring E-UTRA BS EVM.


[image: image5]
Figure 6.8.1.1-1: Measurement system set up for EVM

6.8.1.1.2
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 6.8.1.1-2 below [25].


[image: image6]
Figure 6.8.1.1-2: Reference point for EVM measurement
6.8.1.1.3
Basic unit of measurement

Separate EVM requirements should be specified for different modulation schemes. The basic unit of EVM measurement is defined over one subframe (1ms for frame structure type 1 and 0.675ms for frame structure type 2 excluding the guard interval.) in the time domain and 
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 subcarriers (180kHz) in the frequency domain: [25,26,31]
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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 power of the ideal signal,
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 is the modified signal under test defined in 6.8.1.1.4.



Note that a resource block (RB) consists of 
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 resource elements, corresponding to one 0.5 ms slot (0.5 ms for generic frame structure for FDD/TDD and 0.675 ms for alternative frame structure for TDD) in the time domain and 180 kHz in the frequency domain [27], i.e. the basic unit of EVM measurement is defined over two temporally consecutive resource blocks.
6.8.1.1.4
Modified signal under test

To minimize the EVM, the signal under test should be modified with respect to a set of parameters following the procedure explained below: [25]
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where


[image: image26.wmf])

(

v

z

 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,
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 is the RF frequency offset,
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 is the phase response of the TX-RX chain,
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 is the amplitude response of the TX-RX chain.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in 6.8.1.1.6)  or the last sample of the first window half if 
[image: image33.wmf]W

is even.
The EVM analyser shall

· detect the start of a subframe and coarsely estimate 
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 and 
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· determine 
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  so that the EVM window of length 
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 is centred on  the cyclic prefix of the considered OFDM symbol. This is done by

· estimating the impulse response of the TX-RX chain, and

· maximising the result of the moving-average filter of length 
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 over the squared magnitude of the impulse response of the TX-RX chain. 

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

· estimate and correct the RF frequency offset 
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,

· estimate the TX-RX chain equalizer coefficients 
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for all resource elements by

· calculating Least-Squares (LS) estimates of the TX-RX chain transfer function for all resource element positions on which the Downlink Reference Signal (DL RS) symbols have been mapped (the LS estimate is given by multiplying the received resource element with the conjugate complex of the corresponding DL RS symbol),

· interpolating the equalizer coefficients at the DL RS positions to all resource elements by using the approximation function defined in 6.8.1.1.8. 

At this stage estimates of 
[image: image43.wmf]f

~

D

, 
[image: image44.wmf])

,

(

~

f

t

a

, 
[image: image45.wmf])

,

(

~

f

t

j

 and 
[image: image46.wmf]c

~

D

 are available. 
[image: image47.wmf]t

~

D

 is one of the extremities of the window 
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 is odd and 
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is even. To determine the final value of 
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 the EVM analyser shall then

· calculate EVM1 with 
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· calculate EVM2 with 
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EVM= max(EVM1, EVM2).

6.8.1.1.5 
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. 

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. 
6.8.1.1.6
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. 

6.8.1.1.6.1
Window length for short CP

The table below specifies EVM window length for channel bandwidths 1.4, 3, 5, 10, 15, 20 MHz [32], for short CP. 

Table 6.8.1.1-2  EVM window length

	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]

	1.6
	
	
	
	
	

	3
	256
	15
	18
	[14 or 16]
	[77.8 or 88.9]

	3.2
	
	
	
	
	

	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]

	Note: To centre the window on the CP, the window length W should be even if the CP length is even. Alternatively the window length W should be odd if the CP length is odd.


6.8.1.1.6.2
Window length for long CP

[FFS]

6.8.1.1.7
Observation period for sample timing difference and frequency offset

The observation period for determining the sample timing difference 
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 and frequency offset 
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 should be specified in the standards to avoid diverging measurement results from different implementations in the measurement equipments. The working assumption is that the observation period should be[one subframe (1ms) for frame structure type 1 and one subframe (0.675ms) for frame structure type 2, excluding the guard interval].

6.8.1.1.8
Determination of equalizer coefficients
The working assumptions are that the TX-RX chain equalizer coefficients amplitude and phase responses  
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 used by the ZF equalizer are obtained by using polynomial approximations a 5th order (i.e. 6 coefficients) interpolation function in the frequency domain, and kept constant within a subframe in the time domain. The interpolation function to be used is FFS.
Separate polynomial approximations for the amplitude and phase or, alternatively, on the I/Q representations of the TX-RX chain transfer function should be used (FFS). 

Low-order polynomial approximations of the TX-RX chain transfer function should be used in order to reflect possible exploitation of channel correlation in the frequency domain within the UE channel estimation and limit the amount of BS TX impairments which can be removed by the equalizer. The working assumption is that polynomials of 5th order (6 coefficients) are used for 5 MHz E-UTRA, and the polynomial order for the other E-UTRA BW options are FFS. The exact polynomials to be used are FFS.

The polynomial coefficients are used as optimisation variables within the EVM minimization process. What information in the signal under test and ideal signal (reference signal only or also data symbols) can be used within the measuring equipments for the calculation of the polynomial coefficients and whether this should be specified in the standards are FFS.
6.8.1.1.9
EVM requirements

The EVM requirements should be tested against the RMS average of the EVM measurements over all allocated resource blocks with the considered modulation scheme in the frequency domain, and 10 consecutive downlink subframes (10 ms) for FDD and TDD frame structure type 1 in the time domain. For TDD frame structure type 2, 15 consecutive downlink subframes is used, i.e. [26]
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  for FDD and TDD frame structure type 1
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Where


Ni is the number of resource blocks with the considered modulation scheme in subframe i. For TDD frame structure type 1, partial sub-frames prior to a DL to UL switching point shall not be included in the averaging. For TDD frame structure type 2, special fields (DwPTS and GP) in half-frame are not included in the averaging.

6.8.1.2
EVM Requirement

Regarding EVM levels appropriate for a general minimum performance requirement for modulation accuracy, contribution ‎[16] provided some analysis including 64QAM 8/9 MCS and MIMO and indicated required average EVM levels in the order 6.5 … 8.5 %, depending on the methodology used of deriving the requirement. The semi-analytical analysis in‎ [23] concluded that an average EVM of 7% would be suitable for E-UTRA 64QAM MCS curves based on a S/N in the range of 14dB to 19dB and 5% Tput loss criteria. Further system simulation results were provided in ‎[22] and concluded that 7 % average EVM will limit the Tput loss for 64QAM modulated RBs to ~5 %. 
Contributions [19][20] considered potential gains in system performance (user Tput) by using a very low EVM (~4 %) for deployment scenarios with a very high selection probability of 64QAM MCS. One example for such a case is partial system loading with a more favourable C/I distribution [19]. As discussed in ‎[17]‎[18], several methods exist for reducing the EVM in such scenarios, however, they all require some form of mitigation against increasing PAPR, e.g. power reduction on RBs, reserving RBs for enabling TR schemes ‎[8]‎[11], not scheduling 64QAM on all RBs simultaneously, etc. 

It is expected that it will not be possible to identify and agree a single “winning” combination of these alternatives which would be optimal for all possible deployment scenarios. The related RAN4 specifications on modulation accuracy for both, a general requirement as well as test specification, would also become very complex if all of the above PAPR related mitigation alternatives would be explicitly supported. This would require e.g. to formulate parameters of the EVM requirements (like EVM % or TX power or # of reserved RBs) as a function of the used 64QAM modulated RBs. 

It is believed that such an approach would not be practical, both from the specification complexity as well as the E-UTRA time schedule point of view. Therefore it is proposed that the RAN4 specifications should not mandate a certain PAPR mitigation approach, but instead leave it to the system vendor to optimise the system performance for special scenarios with high selection probability of 64QAM MCS. However, a general minimum performance requirement for modulation accuracy needs to be set so as to ensure a robust baseline performance of the system and it is believed that based on the above mentioned analysis 7 % [-23 dBc] average EVM is an adequate minimum performance requirement.

However, noting that work on the EVM measurement definition is still ongoing and that there remain uncertainties, some margin should be reserved. A range of  [7 …8 %] EVM is therefore proposed as a working assumption for 64QAM modulated RBs and is subject to finalising work on the definition of the EVM.
 [12.5 %] and [17.5 %] are proposed as minimum performance requirement for 16QAM, respectively QPSK modulated RBs.

When defining UE RX minimum performance demodulation requirements this approach should be taken into account.
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