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1 Background

In this update of [1] we provide additional MPR and UL link-level results for lower code rates (now 1/3 instead of 2/3) and with DMRS assumptions in accordance with the latest specifications. 
Further studies were invited in the WF [2] that also contains the following tentative agreements on the flatness mask:
· The spectrum shaping filter and associated requirements are applicable only to FR2

· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters

· X1 = [6]dB, X2 = [20] dB, Y = [-15] dB
· X3 such that X2 = X1 + X3

· Impact on network performance should be studied

For FR1 the equalizer spectral flatness is still TBD, from 38-101-1,
6.4.2.4.1
Minimum requirements

For shaped Pi/2-BPSK modulated waveforms, the minimum requirements are TBD.

For unshaped modulated waveforms, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4.2.4.1-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: 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 (see Figure 6.4.2.4.1-1).

The updated results based on MPR simulations for a sub-6 GHz PA (FR1) just like the original submission [1], similar to the EVM and MPR evaluation made in [3]. Hence the MPR gains discussed herein may be different for FR2. 
In discussing the equalizer spectral flatness requirement, the impact of the TX chain ripple other than that arising from the spectral shaping for pi/2-BPSK must also be considered. The proposed mask for spectral shaping in Figure 1 would be “on top” of a mask similar to that specified for LTE. The parameter Wtrans in Figure 1 is the transmission bandwidth. Comparing to the LTE mask reproduced in Figure 2 we note that the X1 = 4 dBp-p but that the wider variation 8 dBp-p is only allowed at the edge of the band to accommodate duplex/band filter roll-off. Hence for most interior channels X1 = X2 for LTE and similar for NR without spectral shaping.
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Figure 1: proposed equalizer spectral flatness mask for NR..
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Figure 2: The limits for EVM equalizer spectral flatness for LTE with the maximum allowed variation of the coefficients indicated (the ETC minimum requirement within brackets).
In what follows we shall see that also for the lower code rate a limitation of the ripple X2 in Figure 1 below the tentative 20 dB is still justified from a link-loss perspective.
2 MPR gain versus link loss in the UL
Next we consider updated results on the MPR gain versus the performance loss in the UL for different spectral shaping. Like in [1] we do not only consider full allocation (100 PRB for a 20 MHz channel) but also the partial allocations 3 PRB and 18 PRB used for MPR simulations. This is particularly relevant in for coverage scenarios since smaller PRB allocations are often experienced at the cell edge where the PA is often operated at full power.
For the simulations it is assumed that the DRMS configuration is two rows of 1-comb ZC DMRS per subframe (equivalent to LTE). The MPR simulations are based on the standard RAN4 assumptions (similar to those used for 256QAM) with the usual impairments have been assumed. The PA output power is normalized to 22 dBm for a 100 PRB pi/2-BPSK non-filtered DFTS-OFDM waveform (hence MPR = 1 dB). 
For the spectrum shaping we assume a three-tap shaping filter [y 1 y] with different amplitudes y as in [4]. Figure 3 shows the output spectrum for different filter weights for a 20 MHz channel with 100 PRB allocation with the PA output set such that the E-UTRA ACLR and SEM are met; the achivable output power increases with the spectral shaping (and the variation of the “arch”).
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Figure 3: output power spectrum for shaped pi/2-BPSK with full allocation.

We also consider the smaller allocations of 3 PRB and 18 PRB decided in the way forward for MPR simulations [5] in addition to full allocation (sub-6 GHz). 

For the UL performance evaluation (the link loss with shaping) we use a set-up similar to that used for UL REFSENS, e.g. LDPC and no HARQ retransmissions, and

· pi/2-BPSK
· coderate 1/3 for fair comparison with QPSK 1/6
· 1Tx and 1 Rx

· AWGN channel
· 2 PRB bundling

using the same PRB allocations assumed for the MPR evaluation. The BS receiver is not aware of any pulse shaping.

Table 1 shows the MPR gain and the corresponding link loss in the UL for different pulse-shaping filters of different PSD “flatness” and PRB allocations. For the MPR the maximum output power that fulfils the E-UTRA ACLR and SEM requirements is recorded. The link loss is essentially a receiver desensitization that occurs due to the spectrum shaping.
Table 1: MPR gain versus link loss in the UL

	Filter
	PSD flatness
	MPR gain (dB)
	Link loss (dB)
	Net gain (dB)

	
	
	3 RB
	18 RB
	100 RB
	3 RB
	18 RB
	100 RB
	3 RB
	18 RB
	100 RB

	QPSK
	± 0 dB
	-
	-
	-
	-
	-
	-
	-
	-
	-

	[0 1 0]
	± 0 dB
	0.0
	0.5
	0.9
	0.4
	0.4
	0.4
	-0.4
	0.1
	0.5

	[0.05 1 0.05]
	± 1 dB
	0.1
	0.7
	1.3
	0.4
	0.5
	0.5
	-0.3
	0.2
	0.8

	[0.1 1 0.1]
	± 2 dB
	0.2
	0.8
	1.5
	0.5
	0.5
	0.6
	-0.3
	0.3
	0.9

	[0.15 1 0.15]
	± 3 dB
	0.2
	1.2
	1.9
	0.6
	0.7
	0.7
	-0.4
	0.5
	1.2

	[0.2 1 0.2]
	± 4 dB
	0.2
	1.6
	2.3
	0.8
	0.8
	0.8
	-0.6
	0.8
	1.5

	[0.3 1 0.3]
	± 6 dB
	0.2
	1.6
	2.8
	1.2
	1.2
	1.3
	-1.0
	0.4
	1.5


Comparing to the results in the original submission, the link loss is smaller for the lower code rate and the DMRS configuration used herein. From table 1 we observe that the MPR gain is small for the smaller allocations, but significant for the full allocation with increased shaping (the tap amplitude y). The link loss becomes more significant for PSD flatness larger than ± 4 dB for all PRB allocations. Now, for a coverage scenarios the smaller allocations are more relevant than the full 100 PRB allocation, which suggests that the shaping filter mask should be limited to about ± 4 dB to yield some net gain for partial allocations larger than than 3 PRB with a limited link loss. This PSD flatness is on top of any other TX chain ripple for which the flatness mask is devised. The current LTE equaliser flatness mask and that for unshaped NR transmissions allow a  ± 2 dB ripple (X1 = X2 = 4 dB) in the interior of an operating band (away from the band edges). 
The result above suggests that a specification of X2 in the range [10-12] dB would cover the spectral shaping and other TX chain variations e.g. arising from RF front-end filtering (at least for FR1) while still ensure a limited UL link loss. Near the operating band edge a larger X2 could be allowed (albeit with consequences) to accommodate other RF filters. 

The EVM equaliser flatness masks may be different in FR1 and FR2: the RF filtering and the MPR gain are different in the two frequency ranges. 
3 Conclusion
The results in this contribution suggest that an EVM equaliser flatness mask that allows

X1 = [6] dB (as agreed earlier)
X2 = [10 to 12 dB] 

including other TX chain variability (e.g. from RF front-end filters) would allow net link gains for partial PRB allocations relevant for the coverage scenario at a limited UL performance loss. The EVM flatness mask must account for all types of TX chain variability across the assigned channel, not only that of the shaping filter for pi-BPSK. The ripple of a duplex filter for FR1 is usually less than the 4 dB p-p allowed by the the existing flatness mask within the operating band, which means that some of the spectral shaping ripple can be absorbed by the existing mask for unshaped transmissions. 
We remark that the MPR results in this contribution are based on a sub-6 GHz PA, the MPR gain may be different for FR2.
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