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1 Introduction
The spectral flatness is now a requirement on the zero-forcing equalizer coefficients, i.e. essentially the inverse of the TX chain response, and denoted ‘EVM equalizer spectral flatness’. Initially, the spectral flatness was defined as a measurement of the relative power variation across the sub-carriers of all RB of the allocated UL block, comparing the sub-carrier power to the average power per sub-carrier. This definition still applies to the variation of the equalizer filter coefficients, even if the actual measurement definition is not longer included in TS 36.101.
The requirement of +2/-2 dB in the mid part of the operating band then implies a symmetric variation of the coefficients around the average power across the UL allocation. Another way to specify the flatness is to remove this implicit requirement on the average, and constrain the equalizer filter coefficients by a filter specification: a mask specifying ripple and the requisite behaviour at the operating-band edges. This would not relax the requirement on the maximum variation of the filter coefficients, merely allowing a more general equalizer filter response in between the extremes; the resulting equalizer correction applied to the signal under test would not impact the actual EVM requirement. 
We propose to specify the EVM equalizer spectral flatness just like any other filter response specification. In an adjoining CR [1] we also remove the flatness requirement for ETC since the EVM measurement is only performed at NTC. 
2 Specifying spectral flatness for EVM equaliser
If the notion of spectral flatness is retained but applied to the EVM equalizer coefficients the limits must apply to the “inverse of the TX chain response”, which are essentially the filter coefficients generated across the UL block using zero-forcing equalisation (making the spectrum “flat” by applying the inverse). The equaliser coefficients for each sub-carrier frequency are actually a least-squares fit to the symbols in an uplink slot. 
The definition of the flatness should be reinstated for clarity, e.g. 
6.5.2.4

EVM equalizer spectrum flatness

The EVM equalizer spectrum flatness is defined as the variation in dB of the equalizer coefficients generated by the EVM measurement process. The EVM equalizer spectrum flatness requirement does not limit the correction applied to the signal in the EVM measurement process but for the EVM result to be valid, the equalizer correction that was applied must meet the EVM equalizer spectral flatness minimum requirements. The measurement interval is the same as for EVM.

Note: The EVM equalizer spectrum flatness requirement effectively limits the spectral flatness of the signal but this EVM equalizer flatness requirement is independent from the Output Power requirements in Section 6.2 which apply to any set of transmitted RBs within the transmission configuration (Figure 5.6-1).
The spectrum flatness is defined as a relative power variation across the subcarriers of all RB of the allocated UL block. The spectrum flatness is measured as a dB value comparing the output power of a subcarrier and the average power per subcarrier. The measurement interval is one slot (0.5 ms).
and the requirement should reflect the “inverse of the TX chain response” as shown in Table 2 below:
Table 2 (Table 6.5.2.4.1-1 in [2]): Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	EVM Equalizer Spectrum Flatness 
	Relative Limit (dB)

	If FUL_measurement  -  FUL_low ≥ 3MHz

and

If FUL_high -  FUL_measurement  ≥ 3 MHz
	+2/-2

	If FUL_measurement  -  FUL_low < 3 MHz

or
If FUL_high -  FUL_measurement  < 3 MHz
	+5/-3

	Note

1
FUL_low and FUL_high refers to each E-UTRA frequency band specified in Table 5.5-1
2
FUL_measurement  refers to the frequency of the subcarrier being evaluated



Our aim is to take a further step and propose a change of the definition of the spectral flatness to verify that the equalizer filter coefficients (the filter response across the allocated sub-carriers) stay within a filter mask defined by the limits in Table 2, the mask is shown in Figure 2; a similar mask applies around FUL_low + 3 MHz. Hence the filter coefficients per sub-carrier would not be related to the “average” coefficient across the UL allocation, which implicitly implies an (inverse) TX response with symmetrical ripple in the mid part of the band. This is an unnecessary constraint on the UE transmitter frequency response that does not influence the EVM measurement nor the requirement: the base station equaliser can also handle asymmetric ripple in the frequency response of the TX chain.

[image: image1]
Figure 1: filter mask for the EVM equaliser filter response (coefficients).
The EVM filter coefficients would then be specified as any other filter response: a maximum peak-peak ripple in the mid part of the band, referred to as 

Region 1 = [FUL_low  + 3MHz , FUL_high – 3MHz] 
and a higher ripple +5 –(-3) = 8 dB peak-peak at the operating band edge, denoted by

Region 2 = [FUL_low  , FUL_low  + 3MHz] U [FUL_high – 3MHz , FUL_high].

The filter coefficients also need to stay within the mask around the “corner frequencies” FUL_low  + 3MHz and FUL_high – 3MHz when the allocation stretches across both regions. This can be captured by requiring that the difference between the maximum coefficient in one region and the minimum in the other region should be below a certain value, and conversely, while still satisfying the peak-to-peak ripple requirements. Hence, we require that the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than +2 – (-3) = 5 dB, and that the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than +5 – (-2) = 7 dB. We remark that the allowed maximum variation of the coefficients is not changed.
Table 3 displays the proposed changes: the requirement is now expressed in terms of the maximum ripple across the allocation and Note 3. 
Table 3 (Table 6.5.2.4.1-1 in [2]): Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	Frequency range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 
(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 

(Range 2)
	8 (p-p)

	Note 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

Note 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1
Note 3:
For uplink allocations across both Range 1 and Range 2, the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 5 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 7 dB


In the conformance tests in TS 36.521-1, we only have to check that the maximum and minimum ripple limits are not exceeded within the allocation, and Note 3 is easy to verify given the full set of coefficients across the UL allocation.

3 Temperature range

The EVM equaliser is only used for the EVM measurement for the allocated subcarriers. The EVM requirements only apply at NTC so therefore it is not meaningful to measure the spectral flatness at ETC. The in-band requirement applies at ETC, on the other hand, but the part of the signal under test (outside the allocated RB) is not equalised: there are no DM RS outside the allocated RB.

There is in fact some dependence between the filter coefficient behaviour (essentially the inverse of the TX-chain frequency response) at the operating-band edge and the TX duplex filter behaviour. However, the purpose of the flatness requirement is put to constraints on the equaliser used in the EVM measurement procedure. We note that the output power requirement continue to apply for all operating conditions! 
4 Proposal
We propose to specify the spectral flatness as a “filter-ripple requirement” as shown above and to remove the ETC requirement and the informative note on the dependence between the spectral flatness and the output power requirements. A proposed text to capture the above changes is included in the associated CR [1] that also contains some editorial corrections. Notice that the allowed maximum variation of the equalizer coefficients is not changed.
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