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1 Introduction
This contribution concerns the specification of a spectral flatness requirement in addition to the EVM requirement. 

In [1] it was proposed to introduce a spectral flatness requirement and use an unconstrained equalizer, and a flatness condition was subsequently introduced into TS 36.101 [2] and the TR 36.803 but with numbers TBD. The equalizer should remove the impact of TX filtering, but for the DL some constraints on the equalizer coefficients have been agreed in order to limit the amount of TX impairments (amplitude and phase) that can be removed. This means that e.g. fast phase variations over the transmission bandwidth will be penalized and lead to a more appropriate EVM measurement.

Transmit modulation is specified in terms of EVM. This can then be supplemented by a flatness requirement (or equalizer constraints) so as to make sure the modulation accuracy – EVM –  is appropriately measured. A flatness requirement on the amplitude may not be sufficient, for fast phase variations (group delay) can still cause high EVM particularly for RB allocations near the channel edge. 
EVM should also be met for channels close to the operating band edge, where a duplex filter may introduce large amplitude variations in order to supply sufficient attenuation in the stop band (band dependent). Sharp amplitude roll-off normally implies group delay variations that cause high EVM. A flatness requirement must therefore account for duplex filtering amplitude variation for all possible bands in addition to other filters in the TX chain. 
It could be sufficient to specify a flatness requirement on the amplitude response, any non-linear phase variation at the band edges could be picked up by a higher EVM value for the resulting group delay will show up as a timing error. The EVM timing must therefore be able to deal with the group delay at the band edge. To make an appropriate EVM measurement it is thus important to achieve accurate timing (window), and to this end it is proposed to use the sounding RS approach suggested in [3].
2 Flatness requirement

First we look at how a flatness requirement could look like. In TR 36.803 it is suggested that the spectrum flatness requirement could be expressed by a formula such as

(2.1)
  
[image: image1.wmf][

]

)

100

/

)

1

(

*

-

+

±

RB

N

Y

X

.
This may be appropriate, but should also account for the location of the allocated RB within the band. The amplitude variation at the channel band edge should be larger particularly if this channel is located close to the edge of the TX duplex filter. Figure 1 shows the measured amplitude variation for a Band VIII duplexer, this band has a small band gap and is challenging. The results indicate that a not even a ±2 dB variation may be enough for the duplexer alone (i.e. not considering the remaining TX chain), particularly if temperature variation is considered too. At the band edge the flatness requirement should therefore be more relaxed.
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Figure 1. Amplitude variation for a Band VIII duplex filter (TX part)
To account for different locations of the channel w r t to duplexer band edges, a flatness requirement could look like
(2.2)
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on top of the dependence on the number of allocated RB in (2.1).
3 Group delay
The flatness requirement on the amplitude may still mot be sufficient as a TX modulation requirement since non-linear phase variations may cause significant EVM. Figure 2 [4] displays the effects of the group delay close to the band edge, which is typical for any filter with a sharp roll off (because vicinity of poles). The latter is often needed for duplex filters to supply sufficient attenuation at the corresponding paired band (RX here). Note that we are only discussing the contribution to the in-accuracy incurred by the duplexer.
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Figure 2. EVM (blue curve) at the band edges of the duplexer, the RX part is shown here.

It is difficult to achieve low EVM, small amplitude ripples and steep roll-off for tight stop-band attenuation simultaneously.

The fast phase variation will thus be picked up by the EVM measurement itself. The timing of the measurement is crucial and should be accurate enough to appropriately capture group delay variations at the band edges (the EVM should not be caused by a synchronization error in the measurement). EVM will be measured at the edges of the EVM window (values denoted EVMl and EVMh in TR 36.803), and the outer subcarriers will then be more penalized at these points. To this end, we propose to use the sounding RS method described in [3] for improved (window) timing.
4 Timing based on SRS

Some of the key aspects of the proposal in [3] are repeated here for convenience.
In the downlink the use of the synchronization signals or even the RS will create a well defined correlation peak and give a well defined EVM window. One could also use the RS for the UL but this 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. It turns out that 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.
To overcome the problem using a narrowband signal for synchronization, we propose to use a sounding reference signal [5] 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 4. 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 4 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.

5 Conclusions
A spectral flatness requirements on the amplitude may be used in conjunction with the EVM, but must take due account of the variability at band edges caused by duplexers and allow larger ripple at the channel band edge. The phase variability (group delay) variations could be captured by the EVM measurement. To do this in an appropriate way, it is important that the synchronisation error of the measurement is small so the use of SRS is proposed.
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Appendix: Excerpt from TR 36.803
6.8
Transmit modulation
VI. Minimum requirement for Spectrum Flatness
The spectrum flatness is defined as a relative power variation across the subcarrier of all RB of the allocated UL block and is a function of the number of allocated UL RB. The spectrum flatness is measured as a dB value comparing the output power of a subcarrier and the average power per subcarrier.

The data for the subcarrier  output power shall be taken from the equaliser estimation step.

The measured spectrum flatness would be compared to the requirements shown in the following table:

Table 6.8.x-x: Minimum requirements for spectrum flatness
	
	Relative output power (in dB )

	Spectrum Flatness
	Tbd.


The spectrum flatness requirement could be expressed by a formula such as  
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