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Introduction
At RAN4 #101-bis-e, it was agreed in Way Forward (WF [1]) to further study power boosting options limited to within 1 or 2dB above the Power Class 2 (PC2) 0dB Maximum Power Reduction (MPR) for 1xPA handheld architecture, and to reclassify Resource Block (RB) allocation regions accordingly. At the last meeting, we proposed new RB allocation region contours to allow up to 2dB maximum boosting based on a band n41 Power Amplifier (PA) [2]. In this paper we present measurements performed on a band n79 PA using finer 0.5dB power steps. The collected data indicates that a maximum of 1dB boost may be supported. The new-inner RB allocation region contours are updated accordingly. It is shown that RB allocations with higher LCRB may be eligible to a 1dB maximum boost above the PC2 0dB MPR.
Discussion
For power boost, it has been agreed in WF [1] to down select one the following three options, and based on maximum power boost, to evaluate if RB region re-classification is needed:
· Option 1: For 1Tx PC2 PAs, the power boost should be limited to within 1dB. (R4-2200954, R4-2201837)
· Option 2: Due to practical considerations restrict power boost to maximum of 2dB above PC2 0dB MPR. Also, restrict the maximum number of uplink transmission slot to 25% (R4-2202029)
· Option 3: Due to practical considerations:
· FFS maximum power boost restricted over the range [1 to 2] dB, i.e. 1MPR2dB w.r.t 29dBm;
· FFS restrictions on the percentage of the maximum number of uplink transmission slots in a radio frame.
In our previous contribution we proposed a triangular shaped new-inner region, with base width of NRB/3 and summit reaching (3/5)NRB as highlighted in blue in Figure 1 below [2]. We proposed extending the edge allocations to LCRB=4 as shown in red and proposed that all other allocations be grouped into the outer region category (grey). We present measurement data with a finer 0.5dB power step size in band n79 to evaluate each of the WF option 1,2,3 and to carefully explore:
1. the contours of the “new-inner” region triangle “base-width” of (1/3)NRB; 
2. the amount of power boost “drop” of the Figure 1 “yellow” v-shaped lines (from simulated data in [3]);
3. the maximum LCRB value the triangle summit may reach depending on which of the WF option 1,2 or 3 is selected (proposed as (3/5)NRB in Figure 1).
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[bookmark: _Ref95481202]Figure 1: Simplified new-inner (inner blue triangle 1/3 base x 3/5 height NRB), edge (red) and outer (grey which includes “yellow V-shaped” lines) RB allocation region contours based on 50MHz CBW, SCS30kHz.

Throughout this document, we refer to the term “new-inner” to define the RB allocation region where maximum power boosting above the PC2 0dB MPR level may be supported. We use the notation “xRBy” to refer to an RB allocation of length LCRB ‘x’ RBs and RBstart position “y”.
Test Parameters and Assumptions
The measurements are performed in band n79 with the following waveform parameters:
· Waveform parameters:
· DFT-s-OFDM Pi/2 BPSK with REL-16 DMRS;
· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB;
· C-IM3: -60dBc, C-IM5: -70dBc;
· Pulse shaping filter coefficients: [-0.28 1 -0.28];
· CBW (MHz)/SCS (kHz): 5/15, 20/15, 50/15; and
· RB allocations: a selection of Edge/Outer and Inner allocations. The list of tested waveforms is too large to be captured in tables or text. For example, for 50MHz CBW SCS15, we tested 275 different waveforms, slicing the RB allocation triangle at LCRB=1,2,4,12,60,90,135,162,180,200,216,225,250,256,270.
· The PA output power level is swept in 0.5dB steps. At each output power level, and each waveform, ACLR, NR general Spectrum Emission Mask (SEM), EVM and In-band Emission (IBE) mask are verified;
· Throughout this document, the Pi/2 BPSK boosting is referenced to the PC2 0dB MPR output power level. In this measurement campaign, we focus our investigations on 0,1,2dB boost levels to explore the contours of the inner region and the boosting drop “v-shaped lines”.
Measurement Results
Due to lack of time, the results are published only for 50MHz CBW SCS15kHz.
	Power Boost Levels Gated by Practical Considerations
In our previous contribution [2], we proposed a maximum of 2dB boosting and corresponding MPR table based on measurements captured with a band n41 PA. We also noted that at higher frequencies, such as band n79, the small-signal gain of the PA is generally lower than that of a band n41 PA. We estimated that the combined effect of lower small-signal gain and high gain compression at 2dB boost above the PC2 0dB MPR level would require the RF transceiver to deliver approximately +9dBm into the PA. The measurements performed in band n79 confirm these initial estimations: at 2dB boost, they indicate the RF transceiver need to output approximately +8dBm input power level to the PA. Practical considerations presented in [2] are exacerbated when operating in high frequency bands: PA power consumption increase and impact on temperature rise and DC-DC converters, heavy PA gain compression, impact on RF transceiver performance, component reliability under high VSWR, PVT considerations, etc… We therefore consider that 2dB maximum boost may not be sustained. We propose a maximum boost of 1dB above the PC2 0dB MPR level. For restrictions of the number of uplink slots, we propose aligning the restrictions for Pi/2 BPSK PC2 with the PC1.5 agreement, i.e. of restrict the number of uplink slots to 25%.
Observation 1: Practical considerations limit the maximum amount of power boosting to within 1dB above the PC2 0dB MPR power level for shaped Pi/2 BPSK waveforms. This corresponds to WF [1] option 1. Restrictions on the maximum number of uplink transmission slots is 25%. 
Throughout the rest of this paper, we restrict boosting level to 1 dB maximum.
	Power Boost Levels Gated by 3GPP Requirements
We present data with the following colour code:
· In green: RB allocations for which 1dB boost is feasible (reported as “1”);
· in white: RB allocations for which boosting may be greater then 0.5dB and strictly less than 1dB (reported as “0.5 <1”);
· in orange: RB allocations for which less than 0.5dB boosting is feasible (reported as “0.5”);
· in red: RB allocations for which boosting may not exceed 0dB and may, in certain cases, require 0.5 dB back-off (reported as “0.5”).
The colour scheme is presented for 3 levels of margins vs the worst measured margin amongst EVM, ACLR, IBE and SEM: 6dB worst-case margin, 3dB worst-case margin and 0dB margin. Due to 0.5dB power steps, this colour scheme cannot provide a high level of accuracy. It is intended to graphically highlight the contours of the RB allocation regions where a 1dB boost is feasible.
	Verifying the Base-width of “New-Inner” RB Allocation Region
Results for RB allocations sliced at LCRB=1,2 and 4RB are highlighted and overlaid onto simulation results reproduced from [3] in Figure 2 for 50MHz CBW, SCS15kHz. For each LCRB slice, RBstart is swept in 1RB steps. The tabulated data in Figure 2-right confirm the sudden transition observed in simulation results [3,4]: no boosting for 6dB margin, or less than 0.5dB boosting (for 0dB margin) is observed at:
· RBstart=87,88 and 181,182,183 for LCRB=1;
· RBstart=86,87,88 and 180,181,182 for LCRB=2;
· RBstart=85,86,87 and 179,180,181 for LCRB=4.
These results confirm that the new-inner RB allocation proposed in [2] of (1/3)NRB base-width is valid and can be exploited even at low LCRB value of 1RB.
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[bookmark: _Ref92232085]Figure 2: 50MHz SCS15kHz “New-Inner” triangle “base-width” results overlaid on 100MHz SCS30kHz simulation data [3]. RB allocation slicing at LCRB=1,2,4.
Observation 2: For 1dB boost, the base-width of (1/3)NRB for the new-inner RB allocation region is feasible at LCRB=1. For this new-inner region, valid RBstart positions range from 89 to 180 for LCRB=1, from 89 to 179 for LCRB=2, and from 88 to 178 for LCRB=4. 
	Verifying “V-shaped” Power Boosting “Drop-lines”
The goal of this section is to verify the “width” (expressed in RBstart) and “depth” (expressed in boost “drop”) of the lines where power boost suddenly drops due to emissions failing the first segment of the SEM, lines also referred to “V-shaped” and highlighted in orange in all figures of this document. Figure 3 summarizes the measurement data obtained by slicing the 50MHz SCS15kHz waveform-set at LCRB=60,90,135,180,250. For each slice, RBstart candidates are calculated according to the equations provided in [4] and by adding a few start positions on each side of the line crossings. 
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[bookmark: _Ref95690420]Figure 3: “V-shaped” line measurements at 50MHz SCS15kHz for LCRB=60,90,135,180,250 overlaid on 100MHz SCS30kHz simulation results from [3].
The data confirms the sudden power boost “drop” observed in simulation results [3,4] and the validity of equations in [4]. We observe no boosting for 6dB margin, or less than 0.5dB boosting (for 0dB margin) at:
· RBstart=18,19,20 and 48,49,50 for LCRB=60;
· RBstart=41,42,43 and 137,138,139 for LCRB=90;
· RBstart=30,31 and 104,105 for LCRB=135;
· RBstart=18,19,20 for LCRB=180;
· RBstart=1,2,3 for LCRB=250. 
Observation 3: V-shaped lines RBstart positions are accurately captured by equations presented in [4]. For RBstart positions crossing each of these lines, no boosting for 6dB margin, or less than 0.5dB boosting (for 0dB margin) is observed in measurements.
	Verifying Maximum Height of “New-Inner” RB Allocation Region
The goal of this section is to verify if the previously proposed LCRB “height/summit” of (3/5)NRB for “new-inner” RB region may be increased [2]. The inner region is explored by slicing the 50MHz SCS15kHz waveform set at LCRB=135,162,180,200,216,225,250,256 and 270. For each slice, a range of RBstart position is evaluated, including a fully centred RB allocation. The measurement data is overlaid on simulation data [3] and summarized in tables in Figure 4-right. 1dB boost is observed feasible for:
· RBstart=45 to 90 at LCRB=135, i.e. at (1/2)NRB “summit”;
· RBstart=42 to 66 at LCRB=162, i.e. at (3/5)NRB “summit”;
· RBstart=45 at LCRB=180, i.e. at (2/3)NRB “summit”;
For LCRB 200, and 216, between 0.5dB and 1dB boost is feasible for fully centred waveforms. For higher LCRB values, a maximum of 0.5dB boosting may be achieved when fully centred. 
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[bookmark: _Ref92270851]Figure 4: 50MHz SCS30kHz “New-Inner” triangle summit exploration results mapped onto 100MHz SCS30kHz simulation data from [3]. RB allocation slicing at LCRB=135,162,180,200,216,225,250,256,270.
Observation 4: 1dB boost may be supported with reasonable margins in the centred inner region triangle of width (1/3)NRB and summit (2/3)NRB. The inner triangle is illustrated in blue in Figure 4.
Power Boosting and New Inner/Outer RB Allocation Region Contours Proposals
Figure 5 below illustrates the MPR region proposal of “new-inner”, “new-outer” and edge allocation region contours using the 50MHz CBW SCS15kHz triangle as example plot.
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[bookmark: _Ref92282704]Figure 5: Simplified new-inner, new-outer and edge allocation region contours based on measurement dataset.
For the proposed allocation classification of Figure 5, we propose:
Observation 5: For shaped Pi/2 BPSK waveforms, the following MPR is proposed. For consistency with the agreed PC3 boosting specifications, the reference level of 0dB MPR is 29dBm:
· Edge Allocations: We propose to extend the edge allocations to LCRB<=4 RB based on agreements reached for PC1.5. The proposed boosting for these allocations remains limited by windowing considerations to -3.5dB, i.e. a 6.5 dB MPR;
· New-inner allocations are defined as allocations where maximum boosting of 1dB above the PC2 0dB reference level may be supported and is illustrated by the dark blue triangle of Figure 6. The base of the triangle is (1/3) of NRB in width and its summit reaches (2/3) of NRB centred in the channel. The proposed MPR is 1dB with 25% restrictions on the number of UL transmission slots; 
· New-outer allocations are defined as allocations which are neither an Inner allocation nor an Edge allocation. The proposed MPR is 3dB.
· 0dB MPR reference level: for consistency with the agreed PC3 boosting specifications, we propose 29dBm as 0dB MPR reference level and capture boosting in the form of MPR relative to this level.

Proposal 1: Adopt the following new-inner, new-outer and edge allocation classification illustrated in Figure 6 for shaped Pi/2 BPSK PC2 and adopt maximum power reduction specifications with following text proposal. 

“For UE power class 2, the allowed maximum power reduction (MPR) is defined in Table 6.2.2-2 for channel bandwidths ≤ 100 MHz.
Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK with Pi/2 BPSK DMRS1
	≤ 6.5
	≤ [3.0] 
	≤ [2.0] 

	NOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 25% or less slots in radio frame are used for UL transmission for bands n34, n39, n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 29 dBm.



Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations: 

· NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1;
· RBStart,Low = Max(1, Floor(NRB/3 - LCRB/4);) and,
· RBStart,High = NRB – RBStart,Low – LCRB.

where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.

The RB allocation is an inner RB allocation if the following conditions are met:
· RBStart,Low ≤ RBStart ≤ RBStart,High AND and LCRB ≤ Ceil(2/3 NRB). 

where Ceil(x) is the smallest integer greater than or equal to x.

An Edge RB allocation is one for which the RB(s) is (are) allocated at the lowermost or uppermost edge of the channel with LCRB ≤ 4 RBs.

The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or an Edge RB allocation.”
Conclusion
For shaped Pi/2 BPSK PC2, we propose to restrict the maximum power boosting to 1dB above the PC2 0dB MPR level for specific “new-inner” allocations. Based on our measurement data, we also propose the adoption of a new RB allocation classification for the specifications of maximum power reduction for PC2 operation.

Observation 1: Practical considerations limit the maximum amount of power boosting to within 1dB above the PC2 0dB MPR power level for shaped Pi/2 BPSK waveforms. This corresponds to WF [1] option 1. Restrictions on the maximum number of uplink transmission slots is 25%. 
Observation 4: 1dB boost may be supported with reasonable margins in the centred inner region triangle of width (1/3)NRB and summit (2/3)NRB. The inner triangle is illustrated in blue in Figure 4.

Proposal 1: Adopt the following new-inner, new-outer and edge allocation classification illustrated in Figure 6 for shaped Pi/2 BPSK PC2 and adopt maximum power reduction specifications with following text proposal. 

“For UE power class 2, the allowed maximum power reduction (MPR) is defined in Table 6.2.2-2 for channel bandwidths ≤ 100 MHz.
Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK with Pi/2 BPSK DMRS1
	≤ 6.5
	≤ [3.0] 
	≤ [2.0] 

	NOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 25% or less slots in radio frame are used for UL transmission for bands n34, n39, n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 29 dBm.



Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations: 

· NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1;
· RBStart,Low = Max(1, Floor(NRB/3 - LCRB/4);) and,
· RBStart,High = NRB – RBStart,Low – LCRB.

where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.

The RB allocation is an inner RB allocation if the following conditions are met:
· RBStart,Low ≤ RBStart ≤ RBStart,High AND and LCRB ≤ Ceil(2/3 NRB). 

where Ceil(x) is the smallest integer greater than or equal to x.

An Edge RB allocation is one for which the RB(s) is (are) allocated at the lowermost or uppermost edge of the channel with LCRB ≤ 4 RBs.

The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or an Edge RB allocation.”
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