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1  Introduction 
The WI [1] on NR coverage enhancements aims to reduce MPR/PAR through diverse techniques. The current objective is to analyze the performance increase of frequency domain spectrum shaping with and without spectrum extension. This contribution provides simulation results for FR1. Results are provided for the case of 25% spectrum extension. Additionally, zero spectrum extension is provided for comparison.
2  Discussion
2.1 Simulation setup
The simulations were done with the following setup. Details on the individual simulations are found in the specific sections.
Table1: Simulation setup
	Channel BW
	400 MHz

	Modulation
	QPSK

	SCS
	120 kHz

	Waveform
	DFT-S-OFDM

	DMRS config
	ZC, 2 symbols

	Extension factors
	0, 12.5%, 25%, 37.5% 

	EVM
	QPSK: 17.5% 

	Channel 
	PUSCH

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· 2-tap: (1, 0.28) for FDSS QPSK w/o SE
· No filter (reference case)

	Power class
	PC3

	Calibration
	0dB MPR DFT-s-OFDM QPSK 100MHz, 20RB23, SCS=120kHz

	Carrier Leakage, Image
	25dBc, 25dBc



In case of spectrum extension, the EVM is calculated by only deploying the in-band portion of the signal while the extension is ignored. The IBE and equalizer ripple requirements consider the whole waveform and therefore consider the extension as part of allocated spectrum.
2.2 Shaping function and frequency extension
Several shaping filter are under discussion such as regular three tap filter or truncated RRC. The frequency domain response is provided in figure 1. In case of spectrum extension, the excess power is contained in the additional sub-carriers. A conventional receiver (which only considers the in-band portion of the signal) might not make use of the extension and therefore reduces the perceived power at the receiver. The power loss is strongly dependent on shaping filter and the extension factor as displayed in Figure 2. Net-gain analysis might need to consider this aspect if conventional receiver could be deployed in the field.
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Fig. 1: Frequency domain response of shaping filter 
	[image: ]
Fig. 2: Power loss of conventional receiver



2.3 Results for FDSS with spectrum extension
In this section the results for FDSS with the use of spectrum extension are provided. The results are shown for PRBs of 32, 64 and 96. The PRBs represent the sum of In-band and Extension. The results are provided for 12.5%, 25% and 37.5% and compared with the OBO of zero extension. In general, the use of spectrum extension improves the power output capability for the same filter type. The spectral shaping filter with extension perform similar for small PRBs with better performance for [0.335 1 0.355] at the channel edges. For larger PRBs the filter [0.335 1 0.355] can performance 0.2-0.4 dB better.
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Fig.2: OBO for 400MHz CBW and 120kHz SCS.

Observation 1: In general, the use of spectrum extension improves the power output capability for the same filter type.
Observation 2: Three tap filter without spectrum extension could perform worse compared to not using any filtering at all. Truncated RRC filter with 0.5/0.1667 seems to always provide a certain gain even if it is small.
The results for non-transparent schemes could be compared to the results with transparent schemes which have the performance shown below for PRB of 32 and 256. It can be observed that transparent schemes can reach performance close to non-transparent schemes with only a gap of 0.5dB for PRB of 32 and 0.3dB for 256QAM (with respect to selected shaping filter).
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Observation 3: Comparing OBO of transparent and non-transparent schemes there seems to be only a gap of maximum 0.5dB with respect to selected shaping filter. 
Proposal: Discuss whether transparent schemes are sufficient for FR2.
Conclusions
This contribution provides several simulation results for coverage enhancement with the use of spectrum shaping and spectrum extension. The following observations and proposals are made: 
Observation 1: In general, the use of spectrum extension improves the power output capability for the same filter type.
Observation 2: Three tap filter without spectrum extension could perform worse compared to not using any filtering at all. Truncated RRC filter with 0.5/0.1667 seems to always provide a certain gain even if it is small.
Observation 3: Comparing OBO of transparent and non-transparent schemes there seems to be only a gap of 0.5dB. 
Proposal: Discuss whether transparent schemes are sufficient for FR2.
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