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Introduction
There had been earlier discussions [1][2][3] on how to define the EVM time window center for the purpose of performing EVM measurements. The expressed views can be categorized as follows: 

1. No definition, leave it to test equipment implementation

2. No definition but there is a search for EVM minimum around an unspecified center

3. Define the center explicitly as the maximum impulse response energy location
4. Define the center explicitly as the best absolute time match, similar to WCDMA but without including timing search in further parameter optimization

 Our view is best aligned with proposal #4 above. In this contribution, we give more details for justification. 
2
Discussion
The EVM measurement compares the transmitted signal to an ideal reference. As part of the measurement, the two signals’ timing, frequency, amplitude, etc. needs to be aligned. In general, this alignment could be done in an optimum fashion to find the overall minimum EVM. However, we already made an exception in the case of the equalizer definition where we use a model of a UE receiver rather than using unconstrained optimization.  To be consistent with this approach, we need to ensure that there is no systematic bias between the EVM timing and the timing a UE would derive based on the same signal.  This task is made more difficult by the fact that there may be different methods of time tracking in different UEs.  The best outcome would be to find an EVM timing definition which makes sure that all assumed UE implementations derive the same time as the EVM analyzer within the limits of estimation noise. 

2.1 UE Time Tracking
The most straightforward time tracking is based on correlating the received signal with the reference signal. By the reference signal we mean the continuous time domain signal that we would get if all control and data tones were set to zero and only the DL RS was transmitted. Since the reference signal is orthogonal to the data and the reference signal has perfect autocorrelation, this gives an unbiased time estimate. The length of the reference signal segment used for the correlation and the segment’s location within the symbol can be different without affecting the correlation result. 

Since the reference signal is periodic by one sixth of the symbol length, the above method would lead to ambiguous time determination. In order to avoid this, the UE can do an initial coarse time estimation based on the PSC/SSC whose time domain signals are not periodic. Then the fine time tracking is restricted to within a window of duration (symbol length)/6 around the coarse timing estimate. Not that the fine continuous time tracking may not be based on PSC/SSC because of those signals narrow bandwidth results in reduced time resolution.  
This method yields optimum SNR and gives no time bias, therefore it is an attractive UE implementation.  We have to note however, that for an OFDM signal, the best overall timing is not perfectly well defined.  With some simplification, we can say that any derived timing is adequate as long as it puts the start of the FFT samples (assuming single path) within the cyclic prefix duration.  Considering the pulse shaping effects, for EVM, the best start time would be the middle of the cyclic prefix.  However, the position of the middle of the cyclic prefix depends on eNB implementation, which is undetectable by the absolute time tracking method described above. This is explained in more detail in the following section. 

2.2  eNB Time Windowing

In order to meet ACLR and emission limits, it is allowed that the eNB uses time windowing.  The details of the time windowing are not specified and different implementations can lead to different symbol centers as shown in Figure 1 below.  In the figure three consecutive time domain OFDM symbols are shown (green, red and blue) and different time windowing implementations are depicted. 
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Figure 1  Deviation between absolute time and optimum EVM center
2.3 Observations

Depending on the time windowing method used by the eNB, the optimum EVM point and the absolute time might differ.  If the EVM methodology relies on the optimum EVM point, for example, by performing a search around an initial center, then this can result in a systematic bias between the timing used by a UE and timing used for EVM. 

We note that this is really not an EVM issue as much as an issue of lack of specification for eNB time windowing.  If there was a strict definition mandating Option B (in Figure 1), for example, then timing definition would be a lesser problem.  Therefore one solution could be to add a time windowing specification.  But even if we had such a specification, we would probably want to test that the eNB complies with it.  

Another possibility would be to mandate, either explicitly or implicitly by the EVM definition, that the UE also does a search for the optimum EVM timing. This would be difficult however, because, as shown in Figure 1, the optimum EVM time is only measurable if the receiver extends the correlation length to approach the symbol transition boundaries. With that extension, the inter symbol interference will be significantly enhanced in a dispersive channel, therefore the time tracking loop SNR would degrade in a practical UE receiver.    
2.4 Recommendation

Based on the above discussion, we suggest that an absolute time estimate should be used for finding the received symbol time in the EVM evaluation. The absolute time estimate can be defined as 
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where 
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 is the sampled received signal (after frequency correction), 
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 is the sampled ideal reference signal, which only contains RS (i.e. all data tones are set to zero) and 
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 is the number of time sample points in an OFDM symbol without the cyclic prefix. 
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 is extracted from the ideal sampled signal so that it is centered perfectly in the middle of the OFDM symbol with cyclic prefix.  Therefore, 
[image: image7.wmf])

(

k

I

 starts with the second half of the CP and ends before the actual OFDM symbol ends.  This is shown in Figure 2 below.  
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Figure 2  Sample extraction for the ideal reference signal

Note that the definition of the absolute time definition in Eq. (1) is just an example.  There can other implementations, for example:

· FFT-based RS tone extraction 

· Full FFT-based processing in line with the rest of the EVM prcessing
All methods are acceptable as long as they target to find the same principal timing value. 
4
Conclusions

We summarized our views on the EVM symbol timing definition. We described that the lack of specification for eNB time windowing can result in different windowing implementations which creates a bias between the timing derived by the UE (at least in some implementations) and the optimum EVM timing.  We proposed a new EVM timing definition to minimize the possibility of such a bias.    
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