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1  Introduction 
The WF [1] encourages companies to propose reclassified RB regions for optimizing the power enhancement with Pi/2 BPSK signals. This contribution discusses the issues with conventional MPR RB regions in relation with power boosting and eventually proposes a novel set of RB regions.
2  Discussion
2.1 Introduction
In the following sections we want to share our considerations on re-structuring the RB regions to obtain suited definitions for power boost. We conducted simulations in band n77 and deployed PC2 power amplifier model. The typical 3GPP calibration and the agreed waveform configuration from [2] was used. The simulation setup is summarized below:
· Single Tx with power class 2
· Calibration: 1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB with 4 dB post PA loss
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc
· Modulation: pi/2 BPSK with Rel-16 DMRS
· Number of DMRS symbols/slot set to 2

2.2 RB region identification for power enhancement
At the last RAN4 meeting we presented our initial findings on power boost capability [3] and concluded that the classic RB regions are not suited for power enhancement. Due to this issue the goal is to identify RB regions featuring different capabilities for power boost and define a specific set of rules for RB regions which are suited for all channel bandwidth sizes. Simulations have been conducted for several CBW from 10MHz to 100MHz. Selected simulation results can be found in the Table 1 with SCS of 30kHz and a shaping filter with the coefficients [0.28 1 0.28]. The results are displayed in a quantitative manner. Dark colours indicate large power boost capability while bright colours imply low to no power enhancement. The assigned dark and bright colour association was chosen as it simply allows to slightly better identify the new RB regions compared to the case where the association is inverted.
With observing Table 1 the aim is to identify features which exist for all channel bandwidth. Most prominent is the dark patch located in the middle indicating high power boost. The patch overlaps with the conventional inner and outer MPR regions. The limiting factor is either EVM/IBE (most likely belonging to inner allocations), SEM/ACLR (most likely belonging to outer allocations) or the power limitation of the calibrated PC2 power amplifier.  The second distinct feature consists of a region with low LCRB number located at the lower and upper third of RB_Start. The intermodulation products are falling into the mask region and SEM is strongly limiting the power enhancement. For this region the power boost is very low for small LCRB but tends to rise with increasing LCRB number. The third feature typically appears for

Table 1: Quantitative plots for identifying RB regions
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channel bandwidth of 50 MHz and above. The locations resemble V-shaped lines with the root starting at LCRB of one. The lines thickness is typically one or two adjacent RB_start positions with 30kHz SCS. The lines are created by intermodulation products falling into the very first SEM bin directly adjacent to the channel.
In general, the available power boost of an individual RB allocation is dependent on the applied shaping filter. In most cases this means that with increasing the aggressiveness of the shaping filter the power boost for certain RB allocations increases. For example, several allocations with LCRB sizes above NRB/2 benefit from more aggressive shaping. This can be observed in table 2 where the power enhancement is displayed for different filter setups. However, there are certain RB allocations which do not benefit from applying more aggressive shaping filter. Those are mostly RB allocations with small number of LCRB located at the lower and upper third of RB_start. This is due to the intermodulation products falling into the mask region are not affected by the spectral shaping and the SEM remains a limiting factor. 
Table 2: Quantitative power enhancement comparison for several shaping filter
	CBW
(MHz)
	[0.17 1 0.17]
	[0.28 1 0.28]
	[0.4 1 0.4]
	[1+D]
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Observing the behaviour regarding different CBW (Table 1) and the effect of the shaping filter setup (Table 2) we identified several distinctive regions. Those regions are mimicked by abstract shapes efficiently covering the diverse needs of power boosting. The selected shapes can be described by a certain set of conditions while keeping the complexity in a reasonable range. The proposed shapes for classifying the different regions are displayed in figure 1.
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Fig. 1: Visualizing regions featuring different properties for power enhancement
The RB allocations with highest power boost are located inside region A3. The RB regions A1, A2 and A4 include allocations which only feature small boost or even no boost at all. The V-shaped lines are summarised with A4. Further region is A5 which shall provide the possibility to define specific MPR for the top part. The remaining allocations which are not part of A1 to A5 are considered to belong to A6.
2.3 RB region conditions
The proposed shapes are chosen to allow efficient coverage while still having reasonable complexity for setting up the conditions. The goal is to have a description which fits for all channel bandwidths and subcarrier spacings so that one set of parameters is sufficient. Table 3 contains the proposed conditions for each region. The conditions are parameterised to allow easy tuning to explore different setups. A set of parameters is provided in the table 4. The parameters have been tested for several channel bandwidths and subcarrier spacings. The targeted shaping filter coefficients are [0.28 1 0.28]. 
Table 3: Conditions for RB regions
	RB Region
	Conditions
	Notes

	A1
	1) RB_start <= c1
2) RB_start >= N_RB - c8
with LCRB <= c0
	A1 consists of two sections bordering the lower and upper edges of the channel.

	A2
	1) c0 + RB_start < LCRB <= c3
2) c0 + (N_RB - LCRB - RB_start) < LCRB <= c3


Alternative:
1) RB_start <= c2
2) RB_start >= N_RB - LCRB - c2
with c0 < LCRB <= c3
	A2 consists of two sections bordering the lower and upper edges of the channel.
Alternative has rectangular shape instead of triangular.

	A3
	if c14 < LCRB < c9:
floor(N_RB*c11- LCRB*c4 - c6 + c7) < RB_start < floor(N_RB*c12 - LCRB*c5 + c13 - c6)

if LCRB <= c14: 
c1 <  RB_start < N_RB - c8
	

	A4
	1) floor(N_RB*c11 - LCRB*c5 - c6)   <=  RB_start  <=  floor(N_RB*c11 - LCRB*c5 - c6 + c7)
2) floor(N_RB*c11 - LCRB*c4 - c6)   <=  RB_start  <=  floor(N_RB*c11 - LCRB*c4 - c6 + c7)
3) floor(N_RB*c12 - LCRB*c5 + c13 - c6)  <=  RB_start  <=  floor(N_RB*c12 - LCRB*c5 + c13 - c6 + c7)
4) floor(N_RB*c12 - LCRB*c4 + c13 - c6)  <=  RB_start  <=  floor(N_RB*c12 - LCRB*c4 + c13 - c6 + c7)
with c0 < LCRB < c10
	A4 consists of four sections to cover the V-shaped lines

	A5
	LCRB >= c10
	

	A6
	All RB allocations which are not part of A1, A2, A3, A4 and A5
	



Table 4: Parameter set for RB region conditions
	c0  =  6
c1  =  ceil(N_RB/3)
c2  =  ceil(N_RB/20)
c3  =  ceil(N_RB/8)
c4  =  0.25
c5  =  0.75
c6  =  3
c7  =  3
	c8  =  c1 + 4
c9  =  floor(N_RB/2)
c10 = N_RB-3
c11  =  0.25
c12  =  0.75
c13 = 4
c14 = ceil(N_RB/10)



Proposal: Use conditions provided in Table 3 and the coefficients in Table 4 for new RB region classification.


4  Conclusions
This contribution discussed the effect of filter coefficients and channel bandwidth sizes on power boost. It is proposed to specify certain RB allocation regions with specific conditions for each region. The regions are visualized in the image below and provided with the following tables:
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