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1  Introduction 
The latest agreements on PI/2 BPSK SI are captured in WF [1]. Open items are the maximum power boost and the according RB regions. This contribution provides an update on the proposed RB regions from [3] with respect to the discussed 1dB or 2dB power boost.
2  Discussion
2.1 Introduction
In the following sections we want to share an update on the RB regions which were originally proposed in [3]. The original proposal was suited for power boost beyond 2dB. During last meeting it became apparent that the power boost will most likely be in a range of 1 to 2dB. With this range the RB regions look different, and some RB regions do not exist at all. Consequently, we are proposing two sets of RB regions. One set for 1dB and one set for 1.5 or 2dB 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
Last RAN4 meeting we presented our initial take on reclassifying the RB regions for power boost beyond 2dB [3]. The proposal was based on the approach of allowing as many RB allocations as possible to reach their maximum power boost potential. To achieve this goal several channel bandwidths in combinations with different spectral filters were evaluated and compared. As result several regions were created allowing detailed classification for the different shapes. This resulted into a total of six potential regions. However, the shapes are dependent on the maximum power boost. As it was agreed during last meeting that the maximum power boost will be in a range of 1 to 2dB the shapes were re-evaluated. This contribution proposes one set of RB regions suited for a power boost of 1dB and another set of RB regions for the range 1.5 to 2dB.
Quantitative plots for power backoff are provided in Tables 1 to 3. Please note that the visualization of the plots is optimised for identifying allocation regions and not for providing data on MPR. Comparing the plots with those found in our previous contribution [3] one can observe that less RB regions are required. Therefore, the updated proposal removes unnecessary regions and rescales the remaining regions accordingly. One benefit of the new proposal is that it offers lower complexity.

Table 1: Quantitative plots for identifying RB regions for 1.5dB to 2dB power boost
	CBW/ SCS
	15kHz
	30kHz

	10MHz
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	20MHz
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	50MHz
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	100MHz
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Table 2: Quantitative power enhancement comparison for several shaping filter for 1.5dB to 2dB power boost and SCS of 15kHz
	CBW
(MHz)
	[0.17 1 0.17]
	[0.28 1 0.28]
	[0.4 1 0.4]
	[1+D]

	20
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	50
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Table 3: Quantitative power enhancement comparison for several shaping filter for 1.5dB to 2dB power boost and SCS of 30kHz
	CBW
(MHz)
	[0.17 1 0.17]
	[0.28 1 0.28]
	[0.4 1 0.4]
	[1+D]

	20
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	50
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The updated 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 A2. The RB region A1 includes allocations which feature no boost compared to 26dBm. The V-shaped lines are combined in A3. The remaining allocations which are not part of A1, A2 and A3 are considered to belong to A4. Those allocations can achieve a certain power boost which is in between A1 and A2.
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. RB_start shall be contained in the range [0, N_RB-1]. 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 shaping filter coefficients are optimized for [0.28 1 0.28] but are suited for other filter coefficients as well.

Table 4: 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
	if c0 < LCRB < c9:
floor(N_RB*c11- LCRB*c4 - c6 + c7) < RB_start < floor(N_RB*c12 - LCRB*c5 + c13 - c6)

if LCRB <= c0: 
c1 <  RB_start < N_RB - c8
	

	A3
	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
	A4 consists of four sections to cover the V-shaped lines

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



Table 5: Parameter set for RB region conditions
	c0  =  ceil(N_RB/10)
c1  =  ceil(N_RB/3)
c4  =  0.25
c5  =  0.75
c6  =  4
c7  =  4
	c8 = c1 + 1
c9  =  floor(N_RB/3*2)
c11  =  0.25
c12  =  0.75
c13 = 5



Proposal 1: Use conditions provided in Table 4 and the coefficients in Table 5 for classifying the RB regions.


As previous discussion showed that there are strong views on limiting the power boost to either 1.0dB or 2.0dB we wonder whether a power boost of 1.5dB could be an acceptable compromise. The MPR proposed in Table 6 is provided for 1.5dB maximum boost. The reference power of 0dB MPR is 29dBm. The only difference between a maximum boost of 1.5dB and 2dB is that the region A2 would see a 0.5dB improvement. Regions A1 & A3 have 3dB MPR while region A2 would be able to achieve full power boost potential. The MPR is made for maximum power boost of 1.5dB and includes edge RB allocations as suggested in [4].

Table 6: MPR for maximum power boost of 1.5dB
	Modulation
	MPR (dB)

	
	Edge
	A1 & A3
	A2
	A4

	DFT-s-OFDM
	Pi/2 BPSK with Pi/2 BPSK DMRS1
	≤ 6.5
	≤ 3.0
	≤ 1.5
	≤ 1.5

	
	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.



Proposal 2: In case the maximum power boost would be set to 1.5dB use MPR provided in Table 6.

In case the power boost is limited to 1dB there seems to be no advantage in specifying more than three regions. Those three regions would be adjusted versions of edge, outer and inner allocations. Even as it would not directly follow the original intention of the regions, the naming of ‘inner’ and ‘outer’ could be reused. Consequently, we would propose to use region A2 to define Inner RB allocations as it efficiently covers the RB allocations which have potential for full power boost. The remaining allocations would be defined as Outer RB allocations. Edge RB allocations should be included to account for the increased power backoff needs. The MPR for edge RB allocations follows the suggestion in [4].


Table 7: MPR for maximum power boost of 1.0dB
	Modulation
	MPR (dB)

	
	Edge
	Outer 
(not A2)
	Inner (A2)

	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.



Proposal 3: In case the maximum power boost would be set to 1.0dB use MPR provided in Table 7.

As suggested in [4] the UL slots in a radio frame should be limited to 25% to guarantee SAR compliance and it could guarantee better reliability as it reduces the strain on the amplifier.

Proposal 4: Limit UL slots in radio frame to max 25% to guarantee SAR compliance and to reduce strain on amplifier.
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 following proposals are made:
Proposal 1: Use conditions provided in Table 4 and the coefficients in Table 5 for classifying the RB regions.
Proposal 2: In case the maximum power boost would be set to 1.5dB use MPR provided in Table 6.
Proposal 3: In case the maximum power boost would be set to 1.0dB use MPR provided in Table 7.
Proposal 4: Limit UL slots in radio frame to max 25% to guarantee SAR compliance and to reduce strain on amplifier.
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