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1 Introduction
Several contributions have dealt with different issues regarding the EVM measurement procedure. The current agreements can be found in [1] and [2] for the UE and the eNodeB, respectively. Generally, more details have been settled for the eNodeB, and there has been an effort to align the requirement structures for the UE and the eNodeB as much as possible.  However, since the physical layer basics in the UL and the DL are not identical, some differences in the measurement procedures can be motivated or are even necessary. In this contribution we address some of the open issues for the UE EVM requirements and give proposals on how to proceed with these. 
2 EVM measurement procedure details
2.1 EVM measurement period

For the basic EVM measurement period, there is a difference between the current writing for the UE [1] and the eNodeB [2]. For the eNodeB, the basic measurement period is 1 subframe (1ms) whereas for the UE the basic measurement period is 1 slot (0.5 ms), though still within square brackets. 
Either of these is fine for the UE, but the slot based values have a tendency to show slightly higher measured EVM values. Thus, it is suggested to use the same basic measurement period as for eNodeB, i.e. 1 subframe. The subsequent results shown in this paper are all based on one subframe. 
2.2 Averaging for equalizer coefficients
2.2.1 Frequency domain averaging
The DL EVM definition contains a frequency domain averaging of the channel estimates for determining the equalizer coefficients. It uses a moving average window of 19 reference symbols, with decreased filter length at the edge of the allocated spectrum. The averaging serves two purposes:

1. Smoothing the channel estimates to reduce measurement errors;
2. Penalizing too fast variations of the TX filter frequency response.

We propose that the same approach is used for the UL. As regards the window size, less smoothing would be needed compared to the DL, since the pilot power density is relatively higher in the UL. However, decreasing the window length further would also allow for more variations along the frequency axis which is not desirable. Consider for example the simulation depicted in Figure 1, where a bad TX filter has been used for illustrative purposes. Three edge resource blocks have been allocated in a 1.4 MHz system. Different MA window lengths have been used for calculating the EVM, and the corresponding smoothed channel estimates are plotted in the figure, along with the true filter response. Using too short MA window in the test instrument makes it possible to pick up the filter variations into the equalizer coefficients, resulting in a low EVM value. Using a longer MA window will penalize the large variations along the frequency axis, which gives in a more appropriate EVM measurement result.
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Figure 1 Effects of different MA window lengths for equalizer coefficient smoothing.
There is of course a certain amount of arbitrariness when it comes to selecting the actual number. For simplicity and conformity reasons, we propose to use the same number for the averaging window length as for the DL, i.e. 19. This corresponds to averaging of approximately 1.5 times the resource block bandwidth, which can be deemed reasonable, both in terms of allowable variations and smoothing capability. 
2.2.2 Time domain averaging

In the DL EVM definition, the equalizer coefficients are formed by smoothing the channel estimates over a full frame, 10ms, in order to reduce measurement errors due to noise. Here we investigate the impact of channel estimation smoothing for the UL. In Figure 2, the measured EVM is depicted as a function of different lengths of the smoothing filter. In this example, a 12.5% EVM modeled as AWGN has been used, with 1RB allocated at the edge of a 5 MHz carrier. Frequency domain averaging with a MA of maximum window length 19 has been applied
, in line with the suggestion above. 100 frames have been simulated, and the EVM is calculated as the RMS value over 10 subframes. The average RMS EVM value is shown, along with the maximum value obtained for the 100 frames. 
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Figure 2 Measured EVM as a function of channel estimation averaging.
The results in Figure 2 show that some filtering up to at least 10 reference symbols is beneficial. For simplicity and conformity reasons we propose to use the same filtering as for the DL, i.e. averaging over a full frame. In addition, using this filtering, there will be a measurement error of approximately 0.3 dB between the “true” EVM and the maximum value. This has to be accounted for, either in the requirements or as an implementation margin.
In practice, the uplink may be subject to frequency hopping, thus not allowing the receiver to do time averaging over a full frame. However, this is an effect that should not affect how the transmit modulation quality is tested, though it may of course affect the practical demodulation performance for the eNodeB receiver. We believe that parameters used for testing the UE should be chosen to provide as accurate EVM measurements as possible.
2.3 EVM window synchronization

In [3] it was proposed to use the same length of the EVM window as has been tentatively agreed for the eNodeB. This suggestion appears both reasonable and feasible, and we support this proposal. As pointed out for the DL in [4], it is necessary that the EVM window is centered correctly around the middle of the cyclic prefix. It was shown that correlating the transmitted signal only with the primary synchronization signal, P-SYS, the correlation peak was flat when testing a 20 MHz transmitter. This is irrespective of the actual transmitter ideality, but stems from the fact that P-SYS only spans the 72 middle sub-carriers out of the 2048 used in the IDFT processing. The solution, which has also been approved in [5], is to use also the transmitted reference symbols for synchronization. Since this is a signal that occupies almost the full system bandwidth, the resulting timing of the correlation peak, and consequently the EVM window, will be well defined.
In UL, the natural signal to use for time synchronization would be the demodulation reference signal, transmitted in the 4th and 11th symbol of each subframe. Contrary to the eNodeB, the UE reference signal is not always a wideband signal. As a consequence, the correlation peak can be even flatter than for the eNodeB using P-SYS, since the worst case is that only 1 RB is allocated in a 20 MHz system. A series of simulated correlation peaks for this case are depicted in Figure 3. In the simulation, 12% EVM modeled as AWGN has been used, as well as a realistic FIR TX filter. As can be seen in the figure, the peaks can be more than 15 samples off, and with a measurement error of only 0.1 dB the timing error may exceed 20 samples. Since the proposed window size for 20MHz is 136, and the cyclic prefix length is 144, this will push the EVM window edges well outside the cyclic prefix. The resulting measurement could easily violate the EVM requirement, only due to an inaccurate measurement procedure. Figure 4 shows that the measured EVM in the simulated setup may be 13% or higher due to the timing error only. 
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Figure 3 Simulated correlation with the demodulation reference signal for 1 RB allocation in a 20 MHz system. The black markers indicate the location of the maximum of each peak.
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Figure 4 Measured EVM as a function of misaligned EVM window.
To overcome the problem using a narrowband signal for synchronization, we propose to use a sounding reference signal [36.211] which is configured to be transmitted over the full system bandwidth, immediately before or after the actual measurement signal. The sounding reference signal can then be used for creating a very sharp correlation peak, as shown in Figure 5. Consequently, the EVM window will be centered around the cyclic prefix, and it is appropriate to test the EVM at the edges of the EVM window without having to add an extra margin for synchronization errors. 
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Figure 5 Simulated correlation with the sounding reference signal for 1 RB allocation in a 20 MHz system.  The black markers indicate the location of the maximum of each peak.
A wideband sounding reference signal is not necessarily used in real deployment scenarios, and consequently, a real eNodeB may not be able to use this for time synchronization. Despite this fact, there is no reason to preclude the use of a sounding reference signal for defining an accurate measurement procedure for the UE TX EVM.
An alternative way of obtaining sufficiently good synchronization of the EVM window based on demodulation reference signals only, would be to restrict EVM tests to large RB allocations only, say above 1/3 of the full bandwidth. This is however strongly deprecated, since small RB allocations will be very common in practice, and we need to ensure good modulation quality also for this case. This is especially true for small allocations near the band edge or the band center, where the worst case modulation inaccuracies can be expected. A wideband test signal covering these regions can not isolate inaccuracies on single RB resolution, since these inaccuracies are spread out evenly over the whole test signal due to the DFT precoding. 
3 Conclusions
We suggest that for the
· EVM measurement period: use a measurement length of one subframe (1 ms)
· Averaging the equalizer coefficients
· Frequency domain: use the same number as for the averaging window length as for the DL, i.e. 19 sub-carriers
· Time domain: use the same averaging length as for the DL: one frame (10 ms)

· EVM window synchronization: use the SRS for a better timing accuracy to make sure that the EVM window is centered around the CP.
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� For a 1 RB allocation, the channel estimates for the 12 sub-carriers have been smoothed using [1, 3, 5, 7, 9, 11, 11, 9, 7, 5, 3, 1] sub-carriers, respectively.





