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1. Introduction
The issue of EVM timing definition was discussed in RAN 4 meeting 44bis in [1] - [3] but no conclusion was reached. This contribution provides further analysis of the possibilities and makes a proposal for the way forward.
2. Possible timing options
Let us assume the worst case transmit filter impulse response is asymmetric about the CP and may contain more than one peak. The challenge is to define the timing reference. The following three main possibilities exist:
1. Centre the timing based on minimizing the EVM calculation as in [3]

2. Timing based on the peak of a moving average of the impulse response of the entire channel as per current 36.803.
3. Timing of the peak energy of the impulse response of the entire channel

In addition to this, options 2 and 3 have further variations in that the portion of the channel used to determine the impulse response could be changed to being just the central 1.08 MHz occupied by the P-SCH or just that part of the channel allocated to the RB to be measured. It should be noted that option 1 is already optimized for the RB being measured.
3. Analysis of the options
It is undoubtedly the case that option 1 will provide the best result in terms of minimizing the EVM and it is noted that this was the assumption used when the current window lengths were proposed. However, it can be argued that this method is too good in that it uses an iterative calculation of EVM to optimize the window and such a process cannot be considered as representing the implementation of a typical real time UE receiver although it is well within the reaches of non real-time measurement equipment.

That said, the principle behind option 1 may well be almost realized through the adoption of centring the energy of the impulse on the CP. Option 2 was analyzed in [1] and there was concern that certain impulse profiles might provide a very flat top to the moving average and therefore be susceptible to noise leading to a loss of accuracy and repeatability in determining the centre of the energy. One way round this is to use option 3 which looks only for the peak. This would be less susceptible to noise but would suffer from possible bistable results if there were two closely matched peaks and would also not accurately centre the energy if the main pulse were asymmetric.

At this point it is worth considering the portion of the signal to be used to estimate timing. The current assumption in 36.803 (option 2) implies the entire signal is to be used to calculate the impulse response. This may not be ideal. The two alternatives are to use either the central “clean” part of the signal which is least likely to suffer from filter group delay or to use just the allocated RB which is closer to the behaviour of [3]. In the case that only the edge of the channel is being measured, it can easily be expected that this is where the largest timing distortion will take place and therefore the best place to optimize the timing and hence minimize the EVM.
However there is another factor which should be taken into account and that is the impact of asymmetric filtering on multicast performance. Consider the case where at a cell edge the UE is receiving two streams, one from an eNB which is weighted ahead of the ideal system time and another which is weighted behind. In this case the effective CP length of the system is eroded but EVM based on centring the energy would not indicate a problem. Such a scenario suggests that rather than centering the energy on the entire signal bandwidth it is more important to determine the timing based on the central least distorted part of the signal and in addition, ensure this centre is restricted to within defined limits of the system timing.
So considering the options it is proposed to base the EVM timing as per the proposal in [2] which is to find the peak correlation of the P-SCH in the middle 1.08 MHz of the signal. Since this part of the signal is least likely to be distorted a peak rather than moving average will be more repeatable and less immune to noise. Also, given the assumptions in [3] it may be necessary to narrow the existing EVM window sizes to take account of asymmetric impulse responses.
A TP to 36.804 v0.8.0 is appended.

4. References

[1] R4-071642 Ericsson “LTE BS EVM”
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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


[image: image12.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 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 
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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 minimize the estimation error the timing shall be based on the centre 1.08 MHz of the signal containing the P-SCH which should have the least time distortion due to any transmit filter.

· 
· 



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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