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1. Introduction
The WF on this topic [1] establishes a clear methodology for EVM calculation for pi/2 BPSK with spectrum shaping:
	Agreement

For parameters used in body of WF:

· 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 



	Agreement

[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 |    




In this contribution we propose values of X1, X3 and Y. X2 value depends on X1 and X3.
2. Discussion

The primary change in EVM calculation for pi/2 BPSK waveforms with SS is contained in Agreement #1, which states that equalizer coefficients are to be limited to agreed-upon limits prior to their use in EVM calculation. This limiting action means that the EVM equalizer coefficients, by definition, will meet the spectrum flatness test. When equalizer coefficients are limited, however, equalization is sub-optimal. It follows then, that limiting action penalizes the EVM metric.  The rationale for this change is to simultaneously allow a large UE implementation space, while progressively penalizing EVM of UEs that demand greater than an agreed-upon amount of equalization. 
In this paper 2 types of shaping filters were considered because of their large spectral variation. These filters are described below in terms of their equivalent pre-coding filter weights:
· 1+D, ‘Filter A’
· [0.28 1.00 0.28] , ‘Filter B’
Values of Xn
The test waveform’s parameters are described in table below:

	# RB
	1,2,4,5,25,50,100

	IFFT size
	2048

	System bandwidth 
	20 MHz

	CP length
	144 (7%)

	Filter before DFT
	[1+D], [0.28, 1, 0.28]


Table 2.1: Waveform Simulation Parameters for Xn Determination
Single RB, 4RB and large allocation (100RB) waveforms shaped with the example filters were passed through a PA, and their EVMs evaluated, as a function of output power. The PA was merely a test platform, to provide a ‘typical’ distortion. In this study it was a sub 6 PA. The actual power levels are less important than the EVM trend as a function of EVM coefficient limiting.

 Filter A
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UEs with Filter A SS shows immediate degradation to EVM when X2 is reduced from 20dB. 
Filter B
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UEs with Filter B SS show degradation to EVM when X2 is reduced below 11dB. SS Filter A requirements are tougher and set the requirement for X2

Proposal 1: We propose X2=20 to minimize equalizer limiting for UEs with the example filters. 
See picture with coefficients superimposed on mask with X1=4dB and X3=15dB, for SS filter B. The filter equalizer coefficients almost violate the mask upper-bound – this leaves no room for implementation margin. The value of X1 needs to be relaxed to accommodate SS filter B
Proposal 2: We propose X1=6dB, to minimize equalizer limiting for UEs with the example filters.
Observation 1: X3 takes on the value of 14dB, since X2=X1+X3.
Value of Y
We analysed pi/2 BPSK waveforms (see table 2.2) shaped by the two example filters, and after adding AWGN of -12dB, per the requirement of Agreement #2 in the WF [1]. The test waveform’s parameters are described in table below:

	# RB
	1,2,5,25,50,100

	IFFT size
	2048

	System bandwidth 
	20 MHz

	CP length
	144 (7%)

	Filter before DFT
	[1+D], [0.28, 1, 0.28]


Table 2.2: Waveform Simulation Parameters for Y value Determination
Filter A
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|, ‘Pn’ are arranged in descending order:

	Cases 
	Mean P1
	Mean P2
	Mean P3
	Mean P4

	1 RB
	-3
	-3.02
	-50.1
	-52.1

	2 RB
	-3
	-3.01
	-41.5
	-43

	5 RB
	-3.01
	-3.03
	-28.8
	-29.2

	25 RB
	-3.03
	-3.05
	-27.6
	-27.9

	50 RB
	-3.04
	-3.05
	-27.0
	-27.2

	100 RB
	-3.04
	-3.06
	-28.3
	-28.6


The dominant weights, represented by P1 and P2, were at =0 and =1 while weights were located at other  were less than -25dB
Filter B

The strength of the weights [image: image12.png](@,.(t 1)



|, ‘Pn’ are arranged in descending order:

	Cases 
	Mean P1
	Mean P2
	Mean P3
	Mean P4
	Max P4
	95% P4

	1 RB
	-0.6240
	-11.72
	-11.77
	-51.3
	-48.23
	-44.6

	2 RB
	-0.5998
	-11.89
	-11.92
	-45.7
	-40.24
	-43.4

	5 RB
	-0.4839
	-12.78
	-12.84
	-34.8
	-32.8
	-34.1

	25 RB
	-0.6141
	-12.01
	-12.05
	-27.7
	-26.9
	-27.4

	50 RB
	-0.6475
	-11.84
	-11.89
	-27.3
	-26.6
	-27.0

	100 RB
	-0.6797
	-11.67
	-11.71
	-28.6
	-27.8
	-28.2


The dominant weight was at =0, while weights represented by P2 and P3 were located at =1 and =M-1, where M is the number of allocated subcarriers. The weights for other  were less than -25dB. 
One can conclude that choosing a value of Y of -20dB would allow for sufficient implementation margin.
Proposal 3: We propose Y=-20dB.
3. Conclusion
We proposed values for X1, X2, X3 and Y, parameters governing limiting of EVM equalizer coefficients and shaping filter characteristics, respectively. They are repeated here for convenience:
X1 = 6dB

X2 = 20dB

(Implies X3 = 14dB)
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