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Introduction
Study of optimizations of pi2 BPSK uplink power was kicked off in last RAN4 meeting, and a WF recorded some issues to be further evaluated in [1]. One of the issue is the shaping filter to be used in the following performance evaluation. The following are the recommended direction for filter characteristics:
· Comments from 1st round can be grouped into options as follows:
· Companies that wanted to use 2 tap filter as per 38.101-1, section 6.4.2.4.1 (IITH, IITM, CEWIT, Reliance Jio, Tejas Networks)
· Companies that wanted to use 2 & 3 tap filters as per 38.101-1, section 6.4.2.4.1 (QCOM, Nokia)
· Companies that wanted to use general filters defined as per 38.101-1, section 6.4.2.4.1 (Huawei, Nokia)
· Recommended WF based on company inputs
· Initial study to focus on filter configurations defined as per 38.101-1, section 6.4.2.4.1
· Interested companies can do subsequent studies that focus on other filter configurations 
This contribution provides the some further analysis for the shaping filter characteristics.
Discussion
It is known that application of shaping filter would worsen the EVM equalizer spectrum flatness, for both frequency domain and time domain there are restrictions in the specification for the filter implementation, i.e. 
Table 6.4.2.4.1-1: Mask for EVM equalizer coefficients for Pi/2 BPSK, normal conditions
	Frequency range
	Parameter 
	Maximum ripple (dB)

	|FUL_Meas – Fcenter| ≤ X MHz
(Range 1)
	X1
	6 (p-p)

	|FUL_Meas – Fcenter| > X MHz
(Range 2)
	X2
	14 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	Fcenter refers to the center frequency of an allocated block of PRBs
NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation
NOTE 4:	See Figure 6.4.2.4.1-1 for description of X1, X2



For Pi/2 BPSK modulation the UE shall be allowed to employ spectral shaping and the shaping filter shall be restricted so that the impulse response of the shaping filter itself shall meet
	│ãt(t,0)│ ≥ │ãt(t, τ)│    ∀τ ≠ 0
	20log10│ãt(t,τ)│< -15 dB    1< τ < M - 1,
where│ãt(t, τ)│=IDFT{│ãt(t,f)│ejφ (t,f)},   f  is the frequency of the M allocated subcarriers , ã(t,f) and φ(t,f) are the amplitude and phase response.
0 dB reference is defined as 20log10│ãt(t,0)│.
The principle in Rel-15 is that no matter what kind of shaping filter implementation (frequency domain or time domain), as long as the characteristics comply with the specified requirements, the filter type can be adopted to help reduce the PAPR of the waveform. In other words, the selected shaping filter is up to UE implementation. 
Figure 1 illustrates the evaluated FDSS filter in term of the spectrum shape for the example of allocation of 20 PRBs. 
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Figure 1: Spectrum shape of the FDSS filters 
To further elaborate our consideration and understanding of shaping filter, the comparison of different implementation is provided in figures below.
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Figure 2: PAPR of different shaping filters (CBW 100MHz, 64RB)
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Figure 3: PAPR of different shaping filters (CBW 10MHz, 8RB)
Observation 1: Different FDSS schemes can improve PAPR performance for Pi/2 BPSK
Observation 2: There are no big difference for the PAPR improvement with different shaping filter implementations
Proposal 1: Follow the general RAN4 principle that the requirements are implementation agonistic, and which shaping filter type is selected is up to UE implementation.
Conclusion
This contribution provides comparison of different shaping filter schemes. Based on the further evaluation, we have the following observations and proposals:
Observation 1: Different FDSS schemes can improve PAPR performance for Pi/2 BPSK
Observation 2: There are no big difference for the PAPR improvement with different shaping filter implementations
Proposal 1: Follow the general RAN4 principle that the requirements are implementation agonistic, and which shaping filter type is selected is up to UE implementation.
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