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1  Introduction 
The WI [1] on NR coverage enhancements aims to reduce MPR/PAR through diverse techniques. The WF [2] from RAN4#108 covers certain important agreements. FDSS is the baseline for deriving reduction requirements. While current simulation results are used for new simulations are not precluded. New simulations are required for PC3 using 31dBc ACLR while boosting beyond nominal output power. This contribution provides new results for PC2 and 31dBc ACLR and compares those to 30dBc. Furthermore, proposals are made for QPSK equalizer spectral flatness requirements.
2  Discussion
2.1 Shaping function and frequency extension
RAN4 has discussed several shaping filters in the past. Regular two and three tap filters were considered as well as truncated RRC. Figure 1 displays the shape of the different filter types. It can be observed that some filters are close or exceed to the ‘Region 2’ limit of 14dB while less aggressive filter have certain margin to the ripple mask. This contribution uses some of the most often considered shaping filter and compares them to less aggressive ones. The goal is to explore boosting capability with less aggressive filter and to assess a suitable way for defining equalizer spectral flatness requirements with QPSK boosting.
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Fig. 1: Frequency domain response of shaping filter


2.2 Simulation setup
The simulations were done with the following setup. Details on the individual simulations can be found in the specific sections.
Table1: Simulation setup
	Channel BW
	100 MHz

	Modulation
	QPSK

	SCS
	30 kHz

	Waveform
	DFT-s-OFDM

	DMRS config
	ZC, 2 symbols

	Extension factor
	0

	EVM
	QPSK: 17.5% 

	Channel 
	PUSCH

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· (0.26 1 0.26)
· (0.23 1 0.23)
· (0.20 1 0.20)
· (0.17 1 0.17)
· tRRC 
· 0.5/0.1667
· 0.5/0.5
· 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

	ACLR 
	Simulations are done with 30dBc and 31dBc limit to compare performance difference



2.1 Results for FDSS without spectrum extension
This section provides the result for FDSS by using regular 3-tab filter and tRRC. The results are shown for PRBs of 32, 64, 96, 128 and 256. The y-axis scaling is held the same for all figures to allow easy comparison. Solid lines are used for simulations with 30dBc ACLR. Dashed lines are used for simulations with 31dBc ACLR. It can be observed that allocations at channel edge (mostly outer allocations) have lower boosting capability with 31dBc ACLR. The delta between the two ACLR requirements increases with larger allocations size. This is due to those allocations being mainly limited by ACLR requirement. Allocations placed closer to the middle of the channel (mostly inner allocations) are more limited by IBE closely followed by EVM. In our simulations IBE is the main limiting factor for inner allocations.

	3-tab filter
	tRRC filter
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Fig.2: OBO for 100MHz CBW and 30kHz SCS

Boosting inner allocations beyond nominal power class the main limiting factor tends to be IBE with EVM being close to 17.5%. Outer allocations are more limited by ACLR. This leads to lower boosting capability when applying 31dBc ACLR limit. 
The Tx performance of less aggressive filters such as [0.20 1 0.20], [0.23 1 0.23] and [0.26 1 0.26] have been evaluated below. The evaluation only considers 31dBc ACLR. The results are compared to performance without shaping and the [0.17 1 0.17] filter for comparison. 
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Fig.3: OBO for 100MHz CBW and 30kHz SCS using less aggressive shaping filter.

The main goal is to maximise the net-gain of transmitter power increase and degradation at receiver. It has been found that aggressive shaping filter cause considerable desensitization at the receiver. Aggressive filter could cause reduced net-gain or even negative net-gain. Due to this issue, it has been proposed to tighten the spectral flatness mask for power boosted QPSK compared to boosted PI/2 BPSK. The purpose of tightening the spectral flatness mask is to prevent the use of aggressive filter. This goal can be achieved by tightening the requirements of ‘Range 2’ (outer region).
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 or memory are typically not modelled which can cause additional impact on the ripple. A UE vendor might therefore not be able to use shaping filter which exactly reach the spectral flatness requirement but need to deploy less aggressive filter to fit inside the mask. These effects need to be accounted for when specifying tightened equalizer spectral flatness requirements.
Observation 1: 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 or memory are typically not modelled which can cause additional impact on the ripple. A UE vendor might therefore not be able to use shaping filter which exactly reach the spectral flatness requirement but need to deploy less aggressive filter to fit inside the mask. These effects need to be accounted for when specifying tightened equalizer spectral flatness requirements.
An example for tightened requirement is shown in Figure 4. The ‘Region 2’ is set to 12dB maximum ripple compared to 14dB with Pi/2 BPSK. Aggressive shaping filters such as [0.335 1 0.335] are not fitting insight the proposed mask. As mentioned above even tRRC(0.5, 0.1667) does not seem to be usable as it almost touches the mask at the outermost carriers. A physical implementation might not even use [0.28 1 0.28] due to it being quite close to the limit with approximately only 1dB headroom. As the goal of disallowing aggressive filter implementation seems to be achieved with the shown mask it is proposed to only update ‘Range 2’ and not tighten the limit more than 2dB compared to PI/2 BPSK boosting.
Proposal 1: It is proposed to only update ‘Range 2’ and not tighten the limit more than 2dB compared to PI/2 BPSK boosting.
Proposal 2: When specifying the maximum power boost then consider three-tab filter with coefficients no more aggressive than [0.26 1 0.26]. For tRRC a stretch factor of 0.2 or higher could be considered.
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Fig. 4: Frequency domain response of shaping filter compared to tightened spectral flatness requirements.

Finally, we would like to discuss the handling of PC2. Power boost has been explored for Pi/2 BPSK as part of a study item in Rel-17. It has been found that while in theory PC2 Pi/2 BPSK could be quite potent and allow decent Tx power to increase the maximum boost was limited to 1dB. The limitation was agreed due to physical considerations. Implementation of increase Tx power has certain challenges such as increased current draw and heating. Also, the need of updating filters and other components to be capable of handling the increased power causes additional implementation challenges. Due to the limited time left in Rel-18 it is more reasonable to shift evaluation on PC2 to a later release. There were already coverage enhancements ideas submitted for PC2 in Rel-19 with RAN plenary currently discussing those proposals. 
Proposal 3: Focus the evaluation during this and the next RAN4 meetings on PC3. Explore the feasibility of coverage enhancement for PC2 as part of a later release.


Conclusions
This contribution provides several simulation results for coverage enhancement with the use of spectrum shaping. The following observations and proposals are made: 
Observation 1: 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 or memory are typically not modelled which can cause additional impact on the ripple. A UE vendor might therefore not be able to use shaping filter which exactly reach the spectral flatness requirement but need to deploy less aggressive filter to fit inside the mask. These effects need to be accounted for when specifying tightened equalizer spectral flatness requirements.

Proposal 1: It is proposed to only update ‘Range 2’ and not tighten the limit more than 2dB compared to PI/2 BPSK boosting.
Proposal 2: When specifying the maximum power boost then consider three-tab filter with coefficients no more aggressive than [0.26 1 0.26]. For tRRC a stretch factor of 0.2 or higher could be considered.
Proposal 3: Focus the evaluation during this and the next RAN4 meetings on PC3. Explore coverage enhancement for PC2 as part of a later release.
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