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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#108bis 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 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
· (0.28 1 0.28)
· (0.26 1 0.26)
· (0.23 1 0.23)
· (0.20 1 0.20)
· (0.17 1 0.17)
· 2-tap, FD implementation
· (1 0.28)
· (1 0.26)
· (1 0.23)
· (1 0.20)
· (1 0.17)
· No filter (reference case)

	Power class
	PC3, PC2

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

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

	ACLR 
	Simulations are done with the ACLR requirement of the specific power class under evaluation



2.2 Results for FDSS without spectrum extension
This section provides the result for FDSS by using regular 3-tab filter and 2-tab filter. The results are shown for PRBs of 32, 50, 64, 128 and 256. The simulation results for PC3 3-tab filter can be found in an earlier contribution [3]. 
The simulations below utilise light to moderate 3-tab filters with PC2. The equivalent results for PC3 can be found in [3]. It can be easily observed that for the case of ‘No Shaping’ inner allocations which are located at the rim of the inner RB region feature lower power capability compared to allocations which are further inside the inner RB region. This behaviour has not been observed to the same extend with PC3 and creates the issue that some allocations cannot reach 1dB power boost without the help of FDSS. Fortunately, even light filter such as [0.17 1 0.17] are sufficient to improve the output power to be well above 1dB to the nominal output power of PC2.
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One of the main observations when comparing the power classes 3 and 2 is that PC2 has slightly increased power capability for unshaped inner RB allocations. In our simulations the inner allocations are mostly IBE limited. With the higher build-in linearity of PC2 amplifiers there is around 0.2 to 0.3 dB increase depending on the RB allocation. PC3 inner allocations are close to 1dB above the nominal power class while there is more headroom for PC2. PC3 inner allocations are close to 1dB boost and for some LCRB (such as 50) it was found that power enhancement is just below 1dB. Since PC3 inner allocations without FDSS are very close to the envisaged 1dB it is proposed to enable/allow FDSS even for inner allocations to account for implementation challenges. The maximum allowed equaliser ripple shall be chosen to only allow light filter to minimise the impact on the receiver side.
Observation 1: The increased build-in linearity of PC2 amplifiers (compared to PC3) result into about 0.2 to 0.3 dB increased power for inner allocations without the use of FDSS. PC3 inner allocations are close to 1dB above the nominal power class while there is more headroom for PC2.
Proposal 1: Since PC3 inner allocations without FDSS are very close to the envisaged 1dB it is proposed to enable/allow FDSS for inner allocations to account for implementation challenges. The maximum allowed equaliser ripple shall be chosen to only allow light filter to minimise the impact on the receiver side.
One of the main goals of the QPSK power boost is to minimise the negative impact at the receiver side. It has been pointed out in the last RAN4 meeting that 2-Tab filter feature far less impact compared to 3-Tab filter. It is therefore important to explore the power boost capability of those filter setups. Below the potential of 2-Tab filters are explored for PC3 and PC2.
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Fig.2: OBO for 100MHz CBW and 30kHz SCS
It can be observed that even light filter such has [1 0.17] provide a power advantage of about 0.3dB. The power boost advantage is low with increasing the aggressiveness of the filter and it seems that with 2-Tab filter setups of [1 0.26] or lighter should be used.
Observation 2: When considering 2-Tab filter the use of light filter such as [1 0.17] provide the majority of power boost advantage. More aggressive setups only provide minimal gains compared to [1 0.17]. In total it seems that filter setups of [1 0.26] or lighter should be used.
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 3: 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.
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2.3 Implementation to TS38.101
The WF [2] agrees that the newly introduced power boosting parameter denoted by [ΔPPowerBoosting] shall be applied to PPowerClass. One option is to update the definition of PPowerClass by including the new parameter with its impact on the PPowerClass value. This approach would hide the power boosting aspect and complicate understanding. It would be preferable to include ΔPPowerBoosting to the lower and higher PCMAX bound such that it is applied on PPowerClass as shown below:
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When the discussion primarily focused on PC3 power enhancement the UE indication for QPSK boost was considered for this power class only. With discussing PC2 the UE needs to indicate power enhancement capability for both power classes. This could be done with an universal capability. However, there are needs which makes it preferable to have individual UE capability indications for the advertised power class and ΔPPowerClass = 3dB.
The power boost is primarily considered for the indicated power class in a particular band. The parameter ΔPPowerClass can be set to 3dB due to various causes such as P-Max indication from network or high duty cycle. The conservative option is to only enable power enhancement for the advertised power class and not for ΔPPowerClass = 3dB. This could be the case for a UE supporting PC2 with txDiversity-r16 where in case of power class fallback one Tx chain is shut off. 
Another reason for individual power boost indication is that a PC2 capable UE might not support power enhancement beyond the nominal output power of PC2. However, in case of ΔPPowerClass = 3dB such a UE might be able to support power boost. The UE would indicate power boost capability for ΔPPowerClass = 3dB but not or the advertised power class.
Observation 4: UE power boost indication can be done by a single capability option. In this case, power boost should only be applicable for the advertised power class with ΔPPowerClass = 0dB. Otherwise, if two signalling options are introduced (one for advertised power class and one for fallback, ΔPPowerClass = 3dB) the UE vendor can indicate support of power boost in case of ΔPPowerClass = 3dB. This is especially beneficial in case the UE does not support power boost for the advertised power class but can support power boost in case of ΔPPowerClass = 3dB. The UE can signal one of the options or both. The network statically configures power enhancement, and the UE applies power boost according to its signalled capability.
Proposal 2: Introduce a UE power boost capability signalling for the advertised power class and another signalling for ΔPPowerClass = 3dB. This allows the UE vendor to indicate to the network that power boost is available for advertised power class or in case of ΔPPowerClass = 3dB or for both options.
Our results on PC3 indicate that inner allocations without FDSS are close to 1dB and can drop below for certain allocations sizes. It is therefore proposed to allow light filter such as 2-Tab filter (those which have low degradation at receiver side) in the inner RB region to guarantee that the targeted 1dB is achievable in all cases. Our simulations showed that with deploying mild filter (even 2-Tab filter of [1 0.17]) the entire inner region can be comfortably boosted by at least 1dB. It might not be necessary to define a cropped inner region and a new extended inner region for QPSK. Especially, regarding the proposal of a new extended inner region (which is targeted to partly include inner and outer allocations) might not be necessary and simplify implementation efforts as the standard inner RB region is reused with the same MPR. With this approach impact on UE firmware and is minimised as changes would primally affect the Tx chain. Additionally, no changes to the MPR tables are required, neither PC3 nor PC2.
Certain issues need to be handled when the power enhancement is also applied to Pi/2 BPSK. The basic consideration is that in case of cell edge scenario the network can fall back to Pi/2 BPSK to improve UL performance. If no power enhancement is defined for Pi/2 BPSK the benefit from switching modulations might be small or non-existent. There has been a Rel-17 study item which found that there exist certain RB allocations which feature no power enhancement. Those allocations are located in straight lines cutting through outer and inner regions. So far, all the proposed regions for QPSK enhancement will include those troubling allocations. Two possibilities exist. Either a new region is defined which accommodates power enhancement capability for QPSK and Pi/2 BPSK at the same time or two different regions are defined for QPSK and Pi/2 BPSK modulation. The first case might have less complexity for the network as the network does not have to check whether the configured RB allocation has power boost potential when switching from QPSK to Pi/2 BPSK. On the other side the amount of boost-able allocations are significantly reduced. The latter option has increased complexity but maximises the boost potential for QPSK. In any case, the RB regions for Pi/2 BPSK power enhancement should follow the findings and proposals made in [4]. The CR [5] follows the latter option where QPSK and Pi/2 BPSK have different regions to maximise the amount of boost-able allocations.
Observation 5: During last RAN4 meeting it was discussed to include Pi/2 BPSK modulation for boosting with the same RB allocations regions. The reasoning is that in a cell edge scenario the network might switch from QPSK boosting to Pi/2 BPSK and there should be a gain when reducing modulation order. However, the proposed allocation regions for QPSK are not in line with the findings of the Rel-17 study item. The Pi/2 BPSK region needs to be different than the currently proposed QPSK boost regions and a dedicated region for Pi/2 BPSK seems to be needed.
Proposal 3: To avoid the introduction of several new RB allocation regions, define QPSK power boosting for the entire inner region. Allow light filter such as 2-Tab filter (those which have low degradation at receiver side) in the inner RB region to guarantee that the targeted 1dB is achievable in all cases. Define new region for Pi/2 BPSK power boosting according to the findings of the Rel-17 study item.

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: The increased build-in linearity of PC2 amplifiers (compared to PC3) result into about 0.2 to 0.3 dB increased power for inner allocations without the use of FDSS. PC3 inner allocations are close to 1dB above the nominal power class while there is more headroom for PC2.
Proposal 1: Since PC3 inner allocations without FDSS are very close to the envisaged 1dB it is proposed to enable/allow FDSS for inner allocations to account for implementation challenges. The maximum allowed equaliser ripple shall be chosen to only allow light filter to minimise the impact on the receiver side.
Observation 2: When considering 2-Tab filter the use of light filter such as [1 0.17] provide the majority of power boost advantage. More aggressive setups only provide minimal gains compared to [1 0.17]. In total it seems that filter setups of [1 0.26] or lighter should be used.
Observation 3: 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.
Observation 4: UE power boost indication can be done by a single capability option. In this case, power boost should only be applicable for the advertised power class with ΔPPowerClass = 0dB. Otherwise, if two signalling options are introduced (one for advertised power class and one for fallback, ΔPPowerClass = 3dB) the UE vendor can indicate support of power boost in case of ΔPPowerClass = 3dB. This is especially beneficial in case the UE does not support power boost for the advertised power class but can support power boost in case of ΔPPowerClass = 3dB. The UE can signal one of the options or both. The network statically configures power enhancement, and the UE applies power boost according to its signalled capability.
Proposal 2: Introduce a UE power boost capability signalling for the advertised power class and another signalling for ΔPPowerClass = 3dB. This allows the UE vendor to indicate to the network that power boost is available for advertised power class or in case of ΔPPowerClass = 3dB or for both options.
Observation 5: During last RAN4 meeting it was discussed to include Pi/2 BPSK modulation for boosting with the same RB allocations regions. The reasoning is that in a cell edge scenario the network might switch from QPSK boosting to Pi/2 BPSK and there should be a gain when reducing modulation order. However, the proposed allocation regions for QPSK are not in line with the findings of the Rel-17 study item. The Pi/2 BPSK region needs to be different than the currently proposed QPSK boost regions and a dedicated region for Pi/2 BPSK seems to be needed.
Proposal 3: To avoid the introduction of several new RB allocation regions, define QPSK power boosting for the entire inner region. Allow light filter such as 2-Tab filter (those which have low degradation at receiver side) in the inner RB region to guarantee that the targeted 1dB is achievable in all cases. Define new region for Pi/2 BPSK power boosting according to the findings of the Rel-17 study item.
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6.2.4  Configured transmitted power

The UE is allowed to set its configured maximum output power Pcmax ¢ for carrier f of serving cell ¢ in each slot. The
configured maximum output power Pcmax g is set within the following bounds:

Pomax Le < Pomaxge < Pomax mge with

Pevax Lie = MIN {Pevaxe— ATce, (Proverciass £ AProwersoosing — AProwerciss) ~ MAX(MAX(MPR+AMPR., A-MPRe)+
ATipe + ATce+ATrass, P-MPRe) }

Pevax e = MIN {Pemax.c, Proverciass | APpowersoosing — APpowerciass }
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