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1. Introduction
There has been a late effort to introduce pi/2 BPSK with spectrum shaping (‘shBPSK’) in FR1 into rel. 15 for PC3 devices [1]. In this submission we propose the MPR table and associated changes in framework for configured power for shaped pi/2 BPSK for FR1. 
2. Discussion

The draw of shaped pi/2 BPSK is the promise of higher UL transmit powers, due to low PAPR nature of waveform. In context of PC3, the specific goal is to transmit at powers higher than MPR0 when configured for shBPSK (‘power boost’). The treatment below is broken into two parts: the first part treats the constructs required to transmit at higher power than MPR0, based on the proposal in [1]. The second part contains the proposed PC3 MPR table revised for shBPSK.

Configured Maximum Power Modification 
The standard has the following framework in place for a UE to establish its maximum output power:

[image: image1]
The quantities PPowerClass and ΔPPowerClass serve to set the native Tx capability of the UE. A necessary, but insufficient condition to implement power boost for shBPSK is to set ΔPPowerClass to -3.0 for shBPSK. Inspecting the equations above, one can conclude that PEMAX,c needs to also be treated to allow power boost.
Proposal 1: Power boost for shBPSK can be implemented by setting ΔPPowerClass to -3.0 for shBPSK
The quantity PEMAX,c is the value assigned by the network and is intended as a configurable upper limit for UEs. Often, this parameter is not specified, when there is no need to impose an artificially lower power limit on the UEs. For such cases, PEMAX,c should be assumed to be infinity.

Proposal 2: PEMAX,c should be assumed to be infinity when it is not explicitly configured by the network.
Proposals 1 and 2 would allow for shBPSK to have a reference power level that is 3.0dB higher than the MPR0 level of the UE, when PEMAX,c is not explicitly configured to a low value by the network. With these modifications, MPR for shBPSK would be defined not relative to MPR0, but MPR0+3.0dB
Observation 1: With the modifications in proposals 1 and 2, MPR for shBPSK would be defined not relative to MPR0, but MPR0+3.0dB.

To successfully implement power boost, the Tx chain of the PC3 UE needs to be able to produce extra gain for sh BPSK operation. This capability is difficult to mandate in a broad sense, but such capability is within reach for bands that are PC2-enabled. This reasoning can be extended to some neighbouring bands, like n40. One of the PC2 enabled bands, n41, also has an associated NS flag. The complication of determining AMPR under power boost conditions is circumvented by dropping n41 form the list of supported bands.
Proposal 3: Framework changes to enable power boost for shBPSK in PC3 shall be limited to bands n40, n77, n78 and n79

Finally, as a PC3 UE capability, and considering the compressed time frame, we propose that shBPSK be categorized as ‘optional’. 
Proposal 4: shBPSK for PC3 FR1 shall be an optional capability.
MPR table 

Since the goal is to have a significant power boost relative to MPR0, it is convenient to adopt the PC2 MPR table structure, which already treats ‘Edge RB allocations’ in a separate column. This column gets a unique value only when there is significant power boost associated with that configuration. An edge RB allocation is one for which the RBs are allocated at the lowermost or uppermost edge of the channel with LCRB ≤ 2 RBs.
Simulation results show that MPRs proposed in [1] are achievable, and are proposed here, in table 2.2-1
Table 2.2-1 Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK for bands n40, n77,n78,n79 (1)
	≤ 3.5
	≤ 1.2
	≤ 0.2

	DFT-s-OFDM PI/2 BPSK for bands other than n40, n77,n78,n79
	≤ 0.5
	≤ 0.5
	0.0

	DFT-s-OFDM QPSK
	≤ 1.0
	≤ 1.0
	0.0

	DFT-s-OFDM 16 QAM
	≤ 2.0
	≤ 2.0
	≤ 1.0

	DFT-s-OFDM 64 QAM
	≤ 2.5
	≤ 2.5

	DFT-s-OFDM 256 QAM
	≤ 4.5

	CP-OFDM QPSK
	≤ 3.0
	≤ 3.0
	≤ 1.5

	CP-OFDM 16 QAM
	≤ 3.0
	≤ 3.0
	≤ 2.0

	CP-OFDM 64 QAM
	≤ 3.5

	CP-OFDM 256 QAM
	≤ 6.5

	Note 1: Applicable for a power class 3 capable UE with 50% or less slots in radio frame used for UL transmission. 


3. Conclusion
For FR1 PC3 devices, transmit power boost is feasible using shBPSK.

Proposal 1: Power boost for shBPSK can be implemented by setting ΔPPowerClass to -3.0 for shBPSK.

Proposal 2: PEMAX,c should be assumed to be infinity when it is not explicitly configured by the network.

Proposal 3: Framework changes to enable power boost for shBPSK in PC3 shall be limited to bands n40, n77, n78 and n79.
Proposal 4: shBPSK for PC3 FR1 shall be an optional feature.

Proposal 5: (MPR Table)
These proposals are incorporated into a companion draft CR [2].
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TA offset  


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


PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with


	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }


PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
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