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1 Introduction
In RAN4#84bis, the WF ‎[1] on EVM equalizer flatness requirements for pi/2-BPSK DFT-s-OFDM waveform with spectral shaping was approved. It(s technical part) reads as follows:   

[image: image1.emf]For   pi/2 BPSK  waveforms  with spectrum shaping ,  the following   constraints   shall be met :   1)   EVM Eq ualizer Flatness :  The  calculated  EVM   equalizer coefficients  over  the   allocated   transmission  bandwidth   shall   be  bounded   per limits  shown in the following figure ,   prior to   their application   in  EVM calculation .    
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  Note s :   a)   t he values of X1, X2, X3   are to be determined by  considering impact   of spectrum shaping on  receiver performance   b)   W trans   is the   allocated   transmission bandwidth, F center   is the center frequency of the allocated  transmission bandwidth.   2)   Shaping Filter:  The IDFT of the  frequency response   coefficients  of the TX chain ,   𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ , 𝜏 = 0 , 1 , … 𝑀 − 1 ,       where  M   i s the number of allocated subcarriers,  s hall satisfy   the following constraint:   ቊ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ | ≥ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | ∀ 𝜏 ≠ 0 | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | < 𝑌 1 < 𝜏 < 𝑀 − 1   where                     𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ = 𝐼𝐷𝐹𝑇 ൛ 𝑎 ෤ ሺ 𝑡 , 𝑓 ሻ 𝑒 𝑗 𝜑 ෥ ሺ 𝑡 , 𝑓 ሻ ൟ      f is the frequency  of  allocated SC s       𝑎 ෥ ሺ 𝑡 , 𝑓 ሻ   and  𝜑 ෤ ሺ 𝑡 , 𝑓 ሻ   are the   amplitude and phase response, respectively of the T X   cha in     Y  is a parameter <<  | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ |    


· Value range for X1, X2, X3 and Y:
· X1: [4 to 8] dB
· X3: [3 to 15] dB
· Additional Constraints:
· X2 = X1 + X3
· X2 = [7 to 20] dB
· Y: [< -15] dB 
In this contribution we would like to express our view on the yet unspecified values of the four parameters X1, X2, X3 and Y.
2 Discussion and proposals
The two constraints imposed on pi/2-BPSK waveforms with (or without) spectral shaping, according to the above WF [1], are different in spirit. 
The first constraint is concerned with the EVM equalizer coefficients, and it does not imply a go/no-go testable requirement by itself; rather, it serves to define a particular step in the EVM test procedure, whose ultimate target is to verify whether the UE transmission complies with the EVM minimum requirement. Specifically, the Test Equipment (TE) running the EVM test is supposed to estimate the EVM equalizer coefficients (following a procedure of the type described in TS 36.101, Annex F.4). These estimated coefficients, which are roughly speaking the inverse (or negative, in dB scale) of the Frequency Domain Spectral Shaping (FDSS) coefficients used by the transmitter,
 are supposed to be bounded – namely, truncated – according to the “sleeves” defined by the constraint under consideration, in case they turn out not to fit inside them. Next the EVM test proceeds to the stage where the deviation between the equalized signal under test and the reference signal (generated at the TE without shaping) is measured. The outcome of all this is that a relatively “aggressive” shaping performed by the transmitter will lead to a more “cruel” truncation of the EVM equalizer coefficients by the TE, resulting in a “handicapped” equalization process (which matches sub-optimally the shaping deployed by the transmitter), with the final consequence of penalizing more severely the measured EVM, which must satisfy the minimum requirements. Therefore the first constraint is not exactly an EVM flatness requirement, and is tightly intertwined with the yet unsettled EVM minimum requirement for pi/2-BPSK DFT-s-OFDM.
The second constraint in the agreement has to do with the shaping response coefficients in pre-DFT Time Domain (TD), again, as estimated by the TE. These coefficients are to be calculated via the IDFT of the frequency response coefficients of the TX chain. Here it is yet unclear how the latter are going to be estimated: Are they assumed to be simply the inverse of the EVM equalizer coefficients in FD (before being bounded according to the first constraint), or is a separate independent estimation procedure should be devised for that purpose?

Another ingredient missing in the second constraint is the issue of normalization of the TD amplitude response coefficients of the TX chain. We would like to propose the following clarification, accompanying the constraint 
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Proposal 1: The response coefficients 
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 of the TX chain in time domain are assumed normalized according to 
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Based on analysis of different shaping functions and the tradeoffs they offer between PA output power advantage and the detection performance [2][3][4][5], and taking into account margins for RF distortion effects, we would like to propose the following ranges for the FFS values of the parameters in the agreed WF [1] on EVM equalizer flatness for pi/2-BPSK waveforms with spectral shaping:  
Proposal 2:   X1 = [6 to 8] dB;   X2 = [18 to 20]   (X3 = X2–X1);   Y = [–15 to –25] dB.

Note: Conversion of the above values to linear scale is performed using 20*log10(·).
Conclusion

Here we collect our previous proposals:
Proposal 1: The response coefficients 
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 of the TX chain in time domain are assumed normalized according to 
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Proposal 2:   X1 = [6 to 8] dB;   X2 = [18 to 20]   (X3 = X2–X1);   Y = [–15 to –25] dB.
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� Up to some other frequency selective effects in the TX chain response, which are presumably less pronounced
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