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1 Introduction

Main unresolved issue in the measurement procedure for BS TX EVM is how the timing that corresponds to the middle of the measured CP should be determined. 
This contribution investigates this issue and proposes a procedure for it. Using the proposed synchronization procedure the measured EVM is simulated. These results show that the measured EVM is typically up to 1 % higher than the true EVM. Based on this together with earlier presented results on EVM levels we propose EVM requirement levels for 64QAM, 16QAM, and QPSK, respectively. 
A text proposal for TR 36.804 [1] matching the proposed synchronization procedure is attached at the end of the document.
2 Discussion
In [2] is proposed to obtain the timing for the subsequent EVM measurement from correlation of the received signal with the primary synchronization signal P-SYS. The obtained metric sampled with a timing resolution corresponding to the bandwidth of P-SYS – approximately 0.92 MHz – has indeed a very sharp correlation peak. 

However, sampling this metric at a finer grid –as needed for the higher bandwidth cases – leads to a less pronounced maxima.  Different possibilities can envisioned to interpolate the metric to higher sampling rates, e.g. using a matched P-SYS filter that is sampled at a higher clock rate or just interpolation of the obtained metric. But none of these methods provide very distinct maxima for the highest bandwidth cases.
Figure 1 shows the obtained metric at a resolution of 32.55 ns which corresponds to the sampling rate of 30.72 MHz of a 20 MHz system. As can be seen has the metric an almost flat plateau. Reliable timing estimations down to 32.55 ns (sampling timing for 20 MHz system) based on this metric is difficult. However, it is very important to have a very accurate timing (relative to the sampling rate of the system and not to P-SYS sampling rate) since the EVM window length is in the order of 95 % of the cyclic prefix length. For a 20 MHz system only 4 samples ((cyclic prefix length – EVM window length)/2) on each side of the EVM window are within the cyclic prefix if the EVM window is centered within the cyclic prefix. It is therefore very important that the center of the measured cyclic prefix can be detected with high confidence. 
In order to increase the accuracy of the obtained timing it is proposed to use the output of the P-SYS matched filter as course timing estimate. This coarse estimate is further improved by correlating the received signal (in a temporal neighborhood around the found coarse timing estimate) with reference signals. Reference signals span the whole bandwidth and enable therefore more accurate timing estimation also for higher bandwidth. Figure 2 shows the metric obtained from correlating the received signal with P-SYS and the improved metric when correlating towards reference signals. It can be seen that correlation with reference signals provides a more pronounced maxima. In this example the coarse timing estimate obtained from P-SYS is 2 samples off relative to the timing position obtained from correlation with reference signals.
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Figure 1: Synchronization metric obtained from correlating the received signal with P-SYS. The sample timing is 32.55 ns corresponding to a 20 MHz system. The metric is almost flat at the top not allowing accurate timing estimation at the required resolution.
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Figure 2: Synchronization metrics obtained from correlating the received signal with 1) P-SYS and 2) reference signals in a 20 MHz system. The metric obtained from P-SYS is the same as shown in Figure 1. Comparing these two metrics shows that the metric obtained from the reference signals is more pronounced. In this example the timing estimated from P-SYS deviates from the timing obtained via reference signal correlation by 2 samples. 
3 Simulation results

In the following the EVM that is actually measured when injecting EVM noise on resource elements carrying data or reference symbols is simulated. The most important simulation assumptions are summarized below:

· Reference signals are averaged in time-domain over the whole frame and the resulting FEQ coefficients are kept constant within the whole frame.
· Reference signals are averaged in frequency-domain using MA filter of length 19 (11 for 1.4 MHz ).
· Every 6th subcarrier and every 7th OFDM symbol contain reference signals.
· 2nd reference signal in each subframe is not utilized since not always available.
· Random data of specified modulation scheme are applied to resource elements not occupied by reference signals.
· In total 50∙140 OFDM symbols (50 frames) are transmitted. The reported EVM value is the highest one measured during these 50 frames.
· The position of the EVM window is centered at the estimated middle of the CP. This timing is obtained from correlating with P-SYS and reference signals. 
· Length of EVM window is 7, 15, 32, 66, 102, and 136 for 1.4, 3, 5, 10, 15, and 20 MHz, respectively.
· EVM for QPSK, 16QAM and 64QAM is modeled as AWGN with level of 17.5%, 12.5%, and 8%, respectively.
· No RF filter is added in the simulation chain.
The outcome of the simulation is summarized in Table 1 for QPSK, 16QAM and 64QAM modulation, respectively.
Table 1: Simulated values for the measured EVM.


	BW
	QPSK
	16QAM
	64QAM

	
	All RB 
	Edge RB
	All RB
	Edge RB
	All RB
	Edge RB

	1.4 MHz
	18.25
	18.50
	12.99
	13.26
	8.36
	8.59

	3 MHz
	17.92
	18.29
	12.77
	13.04
	8.17
	8.36

	5 MHz
	17.88
	18.21
	12.76
	12.99
	8.15
	8.30

	10 MHz
	17.68
	18.12
	12.61
	13.05
	8.07
	8.37

	15 MHz
	17.63
	17.93
	12.58
	12.98
	8.05
	8.33

	20 MHz
	17.62
	18.06
	12.58
	12.86
	8.05
	8.28


During previous RAN4 meetings, required EVM levels between 7-9% were discussed for 64QAM. An average of 8% seems to be a reasonable way forward as well as 1% margin due to the measurement procedure resulting in 9% total EVM. 
The EVM values for QPSK and 16QAM were also presented earlier and the conclusions were that the legacy values from UMTS would be more than sufficient for E-UTRA.

Summarizing the above, we propose the following requirement table for BS TX EVM:

Table 2:
Proposed BS TX EVM requirements for the various modulation schemes. 

	Modulation scheme
	Transmit EVM [%]

	QPSK
	[17.5+1]

	16QAM
	[12.5+1]

	64QAM 
	[8+1]


4 Conclusions
This paper shows that the timing obtained by correlating the received signal with the primary synchronization signal is unreliable for high bandwidths. It is proposed to improve the timing obtained from P-SYS by correlating the received signal also with reference signals. 
We also propose EVM values for all modulation schemes supported by E-UTRA DL considering the earlier presented values in RAN4 and the lengthy discussion on possible measurement errors.
5 References

[1] TR 36.804, “Base Station (BS) radio transmission and reception,” 3GPP 
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TP for TR36.804 6.8
Transmit modulation

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.
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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].
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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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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 6.8.1.1.4.

Note that a resource block (RB) consists of 
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 resource elements, corresponding to one slot (0.5 ms for frame structure type 1 and 0.675 ms for frame structure type 2) 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 for frame structure type 1, and one resource block for frame structure type 2.

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.

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
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 is the time domain samples of the signal under test.


[image: image15.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.


[image: image17.wmf])

,

(

~

f

t

j

 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 6.8.1.1.6)  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 
[image: image22.wmf]t

~

D

 and 
[image: image23.wmf]f

~

D

,

· determine 
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  so that the EVM window of length 
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 is centered on  the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be obtained by correlating the received signal with the primary synchronization signal and reference signals.
Note: The accuracy of the timing estimate may be used to develop a test tolerance to relax the window size.

· 



· 
· 



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,

· 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 [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. smoothing in the frequency of the time averaged amplitude and phase for each reference signal subcarrier domain by applying a moving average filter as described in section 6.8.1.1.8. This will yield equalizer coefficients 
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 at each reference signal subcarrier

3. performing linear interpolation from the equalizer coefficients 
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 to compute coefficients 
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 for each subcarrier.

4. performing linear extrapolation from the equalizer coefficients 
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 for any subcarriers that exist beyond the last reference signal subcarrier at the lower and  upper end of the channel.

At this stage estimates of 
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 is one of the extremities of the window 
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is even. The EVM analyser shall then

· calculate EVMl with 
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· calculate EVMh with 
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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 
[image: image64.wmf]W

 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 
[image: image65.wmf]cp
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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
	[15]
	[83.3]

	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]


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

Constrained equalizer coefficients at the reference signal subcarriers 
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 are derived from the time averaged values by applying smoothing in the frequency domain. This is done to constrain the amount of BS TX impairments which can be removed by the equalizer, particularly in the centre of the channel.
The equalizer coefficients for amplitude and phase 
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 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 6.8.1.1.8. The use of information other than from the reference symbols to compute the TX chain equalizer coefficients – such as data and control information – is precluded since this information is not readily available to the UE in a real-time receiver.
This constrained equalizer definition is not meant to imply any performance or implementation in the UE and is intended only as a stable reference against which BS TX impairments can be evaluated. 


Figure 6.8.1.1-1: Reference subcarrier smoothing in the frequency domain

6.8.1.1.9
EVM requirements

The EVM requirements should be tested against the maximum of  the RMS average at the window W extremities of the EVM measurements  (i.e. EVMl and EVMh) 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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Where


Ni is the number of resource blocks with the considered modulation scheme in subframe i and x is either l or h. 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.
<Text will be added.>
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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
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