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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 transparent schemes in FR1. 
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
	20, 50, 100 MHz

	Modulation
	QPSK

	SCS
	15, 30 kHz

	Waveform
	DFT-S-OFDM

	DMRS config
	ZC, 2 symbols

	Extension factors
	0, 0.25 

	EVM
	QPSK: 14.2% 
(The simulations do not include all impairments of the Tx chain such as e.g. transmitter chain non-linearity and phase noise. Therefore, a reduced EVM budget is used mainly covering the PA and IQ impairments.)

	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
	1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB

	Carrier Leakage, Image, CIM3, CIM5
	28dBc, 28dBc, 60dBc, 70dBc



At high output power the spectral domain shaped waveform is typically EVM or IBE limited. It is important to consider that the simulations typically do not include all impairments of the transmit chain. The main impairments are power amplifier non-linearity and IQ image. Other aspects such as transmitter chain non-linearity and phase noise for sub-6 GHz are typically not modelled and certain headroom needs to be left for those additional factors. Incorporating this aspect, a reduced EVM limit is used as specified in Table 1.
Observation 1: The MPR/A-MPR simulations typically do not cover all impairments of the Tx chain. The main impairments are power amplifier non-linearity and IQ image. Other aspects such as transmitter chain non-linearity and phase noise for sub-6 GHz are typically not modelled. Leaving room for those additional factors is necessary as OBO enhancement is achieved via spectrum shaping techniques which typically limits the waveforms with respect to EVM or IBE. Incorporating this aspect, a reduced EVM limit of 14.2% is used.
2.1 Results for FDSS without spectrum extension
This section provides the result for FDSS without the use of spectrum extension. The results are shown for PRBs of 16, 32, 64 and 96. The y-axis scaling is unified for all figures to allow easy comparison. For PRBs of 32 and below the shaping filter [1 0.28] offers almost the same performance as [0.335 1 0.335] with worse MPR at channel edges. For PRBs below 96 the filter [0.28 1 0.28] offers the best performance.
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Fig.1: OBO for 20MHz CBW and 15kHz SCS without spectrum extension
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Fig.2: OBO for 50MHz CBW and 30kHz SCS without spectrum extension
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Fig.3: OBO for 100MHz CBW and 30kHz SCS without spectrum extension
Observation 2: In case of no spectrum extension the filter [1 0.28] provides almost the same performance for inner allocations as the filter [0.335 1 0.335]. For outer allocations the filter [1 0.28] performs worse.
Observation 3: The filter [0.28 1 0.28] performs better than [0.335 1 0.335] for inner allocations. The latter filter has slight advantage for outer allocations.  
Conclusions
This contribution provides several simulation results for coverage enhancement with the use of spectrum shaping and spectrum extension. The following observations and proposal are made: 
Observation 1: The MPR/A-MPR simulations typically do not cover all impairments of the Tx chain. The main impairments are power amplifier non-linearity and IQ image. Other aspects such as transmitter chain non-linearity and phase noise for sub-6 GHz are typically not modelled. Leaving room for those additional factors is necessary as OBO enhancement is achieved via spectrum shaping techniques which typically limits the waveforms with respect to EVM or IBE. Incorporating this aspect, a reduced EVM limit of 14.2% is used.
Observation 2: In case of no spectrum extension the filter [1 0.28] provides almost the same performance for inner allocations as the filter [0.335 1 0.335]. For outer allocations the filter [1 0.28] performs worse.
Observation 3: The filter [0.28 1 0.28] performs better than [0.335 1 0.335] for inner allocations. The latter filter has slight advantage for outer allocations.  
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