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1 Background

In this contribution we consider the balance between PA output power gain and UL performance loss for different spectral shaping of a pi/2-BPSK DFTS-OFDM waveform to arrive at a proposal for the equalizer spectrum flatness for NR.
Spectrum shaping (pulse shaping) of pi/2-BPSK waveforms can be used to reduce the PAPR and thus increase the PA output power and efficiency; the shaping typically takes an arched spectral shape when optimized to reduce the PAPR [1]. The spectrum shaping may necessitate a changes on transmit signal quality requirements such as the equalizer spectral flatness and in-band emissions requirements w r t LTE. However, the spectrum shaping will also affect the BS receiver performance, to this end it has been agreed in the WF [2] that
Proposal 1: Spectrum flatness should be set such that channel estimation impairments and noise enhancement of MMSE equalizer are minimized
In the next way forward [3] it has been agreed to modify the existing LTE equalizer spectral flatness mask as shown in Figure 1 to accommodate the spectral spaping but with the following constraints on the value range for X1, X2, X3 and the time-domain filter-tap amplitude Y << 1 in relation to the unity-tap:
· X1: [4 to 8] dB

· X3: [3 to 15] dB

subject to the additional constraints
· X2 = X1 + X3

· X2 = [7 to 20] dB

· Y: [< -15] dB
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Figure 1: proposed equalizer spectral flatness mask for NR.
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.
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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).
2 MPR gain versus link loss in the UL
Next we consider the MPR gain versus the performance loss in the UL for different ‘degrees’ of spectral shaping. 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 also relevant from a deployment perspective since smaller PRB allocations are often experienced at the cell edge where the PA may be operated at full power (this can also happened closer to the BS if the allocation is large for example).
For the simulations it is assumed that the DRMS is designed according to [4] based on Gold sequence with LTE polynomials (200 sequences compared and smallest amplitude variance selected). For the MPR simulations 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. 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 output power increases with the spectral shaping (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 allocation 18 PRB that decided in the way forward for MPR simulations [5] in addition to full allocation (sub-6 GHz), but also a 3 PRB allocation at the edge of the channel. The spectrum shape for an 18 PRB allocation at the channel edge is shown in Figure 4. 
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Figure 4: output power spectrum for shaped pi/2-BPSK with full allocation.

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 2/3 for fair comparison with QPSK 1/3
· 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)

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

	[0 1 0]
	± 0 dB
	-
	-
	-
	-
	-
	-

	[0.05 1 0.05]
	± 1 dB
	0.1
	0.2
	0.3
	0.1
	<0.1
	<0.1

	[0.1 1 0.1]
	± 2 dB
	0.3
	0.4
	0.5
	0.3
	0.2
	0.2

	[0.15 1 0.15]
	± 3 dB
	0.5
	0.5
	0.8
	0.5
	0.3
	0.3

	[0.2 1 0.2]
	± 4 dB
	0.6
	0.6
	1.1
	1
	0.7
	0.7

	[0.3 1 0.3]
	± 5 dB
	0.6
	0.7
	1.6
	>2.5
	1.7
	1.7


We observe that a large MPR gain occurs for the full allocation with the filter [0.3 1 0.3] (similar to that used in [6]) but this is absorbed by the corresponding link loss (desensitization). For the partial allocations 3 PRB and 18 PRB, the link loss exceeds the gain for this filter choice, notably also for all filter settings for which the PSD flatness is more than ± 3 dB. In fact, keeping the current LTE mask with its ± 2 dB (X1 = X2 = 4 dB) flatness would not be restrictive in most cases. On the other hand, there is indeed a 0.5 dB net gain for the full allocation using a filter with a ± 3 dB flatness. 
One example of the SNR characteristics used fo deriviving the link loss is shown in Figure 5 for the 18 PRB allocation at the channel edge. We observe the SNR loss for increased flatness (increased magnitude y of the filter coefficients); the worst case corresponds to X2 = 10 dB in Figure 1.
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Figure 5: SNR characteristics for 18 PRB with different filter
Clearly the spectral shaping has an impact on the BS receiver performance.
3 Proposal
For the equaliser spectrum flatness for NR, we make the following proposal based on the simulation results shown herein:
1. keep the current equalizer spectrum flatness mask for LTE also NR: X1 = X2 = 4 dB 

2. or alternatively increase the allowed ripple to X1 = X2 = 6 dB
while keeping the increase allowance for ripple at the band edges due to roll-off of the band filters.
Hence we also propose to set X3 = 0 dB even if this is outside the range indicated in [3], For larger variability (X1 > 6 dB), the link loss (BS receiver desensitization) exceeds the MPR gain achieved for the shaping filter considered.
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