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1	Introduction 
According to WID [1] description the objectives are to develop RF requirements that are applicable to PC1.5 UE mobile device and FWA for NR TDD bands. The power class 1.5 shall be introduced to n39 and therefore NS_50 needs to be updated to accommodate the specific emission requirements. This contribution provides simulations results based on 2xPC2 without considering rIMD. Based on the results observations and proposals are made.
2  Discussion
2.1 Simulation assumptions
The power class 1.5 is achieved by deploying two power class 2 amplifiers and combining the output power over the air. Due to simultaneous transmission over two antennas at the same carrier frequency reverse intermodulation products are created causing increased backoff need compared to a single power amplifier. The reverse intermodulation effect is not covered by traditional MPR/A-MPR simulations. Including reverse intermodulation is non-trivial. To obtain a base result the simulations assume infinite antenna isolation. 
The results for power class 1.5 have been obtained by utilizing two power class 2 amplifiers. According to TS 38.101-1 the total power is combined as sum of both connectors. Small delay diversity with 600ns shift is used for 15kHz SCS, which has also been used in [3]. Due to large back-offs an APT model is deployed. 
The following assumptions and requirements are used:
· Power Class 1.5 (uncoupled 2xPC2 and therefore not including rIMD)
· Calibration of individual PC2 amplifier: 1dB MPR, DFT-s-OFDM QPSK 20MHz, 100RB0
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc
· 3GPP SEM & ACLR
PC1.5 MPR allowance:
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2.2 Simulation results
The A-MPR regions are governed by various emissions falling into the protected frequency ranges. PC1.5 has the same amplifier linearity as PC2 due to the 2xPC2 approach. With deploying sufficient diversity mechanic in the UL, the emissions from both antennas are approximately power adding over the air.
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Figures: Power Back-off results NS_50 and 2xPC without considering effect of rIMD
For 5MHz CBW the available PC1.5 MPR allowance seems sufficient for DFT-s-OFDM and CP-OFDM. The simulations do not show any limitation from the NS_50 protection requirement which seems to be supported by measurements made in [2], [3] and [4]. Other channel bandwidth sizes have increased power back-off need. Most allocations are already covered by certain regions. The A-MPR delta compared to PC2 is in the range of 2 to 3dB. Details for every region can be found in table 2. Due to the general increase in power back-off need there exist now certain allocations which are not part of an RB region but the required power back-off exceeds PC1.5 MPR. Proposals for new regions can be found in table 1.
Observation 1: For 5MHz CBW the there is no need for additional power back-off with NS_50.
Observation 2: Due to general increase in power back-off need certain allocations require larger power back-off than PC1.5 MPR provides but are not covered by any A-MPR region.
In case of 10MHz channel the simulations indicate that the allocations with increased power back-off need are fully contained inside the Outer RB allocation region. MPR seems to have enough margin that from simulations point of view and no action seems to be needed for DFT-s and CP-OFDM. 
Observation 3: For 10MHz channel the A-MPR region definition seems to be sufficient to cover the power back-off need of all RB allocations. Measurements might be needed for confirmation.
In case of larger channel bandwidth certain RBs at the lower edge of the channel require increased power back-off. Those RB allocations can fall into the Outer and Inner RB regions. While the PC1.5 MPR for Outer RB allocations might seem fine the inner RB allocations do not provide enough allowance. It is therefore proposed to introduce new regions covering the respective allocations. Proposals for the A-MPR regions can be found in Table 1. The proposed regions are mapped to A6. Those A-MPR values meet the demands of the increased power back-off and feature no more than 3dB delta to PC1.5 MPR. In most cases the delta is less. However, further discussion and the inclusion of measurements is advised to find the optimum solution for PC1.5. The A-MPR regions for 40MHz channel bandwidth are aggressive enough to not require additional regions. The additional regions proposed for PC1.5 can be visually observed in Table 2. New region is labelled “PC1.5 A6” and has yellow colour. 
Observation 4: In case of larger channel bandwidth certain RBs at the lower edge of the channel require increased power back-off. Those RB allocations can fall into the Outer and Inner RB regions. Inner RB allocations do not provide enough allowance and new A-MPR regions are needed.
Table 1: A-MPR regions for NS_50 (Power Class 1.5)
	Channel Bandwidth (MHz)
	RBstart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	10 MHz
	≤ 1.44
	< 1.44
	A5

	
	≤ 1.8
	≥ 2.7+2* RBstart*12*SCS
	A4

	
	>1.8
	≥ 8.1- RBstart*12*SCS
	A4

	15 MHz
	≤ 2.88
	< 2.7
	A5

	
	≤ 3.24
	≥ 2.7+2* RBstart*12*SCS
	A3

	
	>3.24
	≥ 12.42- RBstart*12*SCS
	A4

	
	< 12.42- LCRB*12*SCS

	≥  2.7
< 2.7+2* RBstart*12*SCS
≥ 2* RBstart*12*SCS-1.08
	A6

	20 MHz
	≤ 4.32
	< 3.6
	A5

	
	≤ 4.5
	≥ 3.6+2* RBstart*12*SCS
	A3

	
	>4.5
	≥ 17.1- RBstart*12*SCS
	A4

	
	< 17.1- LCRB*12*SCS

	≥  3.6
< 3.6+2* RBstart*12*SCS
≥ 2* RBstart*12*SCS-3.6
	A6

	25 MHz
	≤ LCRB*12*SCS – 5
	> 5
	A2

	
	≤ 6.48
	≤ 1.44
	A5

	
	> 8.28
	> max (21.6 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	
	>1.8, ≤6.48
	> 1.44, ≤ 3.6 
	A6

	
	> LCRB *12*SCS – 5, ≤ 1.8
	> 1.44
	A4

	
	> 1.8, ≤ 6.48
> LCRB *12*SCS -5
	> 3.6
	A6

	30 MHz


	≤ LCRB*12*SCS – 5
	>5
	A2

	
	≤ 7.56
	≤ 1.44
	A5

	
	 >1.8, ≤7.56 
	> 1.44, ≤ 3.6
	A6

	
	 ≤ 1.8
	>1.44, <RBstart*12*SCS+5
	A4

	
	> 10.8
	> max (26.64 – RBstart*12*SCS, 0), <RBstart*12*SCS+5
	A4

	
	> 1.8, ≤ 7.56
> LCRB *12*SCS -5
	> 3.6
	A6

	40 MHz




	≤ 4.32
	> 0
	A1

	
	> 4.32
	> RBstart*12*SCS + 11.88
	A8

	
	> 4.32, ≤ 12.96
	≤ 10.8
	A3

	
	> 4.32, ≤ 18
	> 10.8, <= RBstart*12*SCS + 11.88
	A7

	
	> 18, ≤ 31.68
	> max (31.68 – RBstart*12*SCS, 0)
	A4

	
	> 31.68
	> 0
	A9

	NOTE 1:	The A-MPR values are specified in Table 6.2.3.19-4.







Table 2: A-MPR regions. New region is labelled “PC1.5 A6” and has yellow colour.
	15MHz CBW
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	20MHz CBW
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	25MHz CBW
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	30MHz CBW
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Table 3: A-MPR for NS_50 (Power Class 1.5)
	Modulation/Waveform

	A1 (dB)
	A2 (dB)
	A3 (dB)
	A4 (dB)
	A5 (dB)
	A6 (dB)
	A7 (dB)
	A8 (dB)
	A9 (dB)

	
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM




	Pi/2 BPSK
	≤ 11.5+3
	≤4.5 + 3
	≤ 4 + 2.5
	≤ 2.5 + 2.5
	≤ 4 + 1
	≤ 1 + 2.5
	≤ 3.5 + 2
	≤ 10+2.5
	≤ 8+2.5

	
	QPSK
	≤ 11.5+3
	≤ 5.5 + 3
	≤ 4 + 2.5
	≤ 2.5 + 2.5
	≤ 4 + 1
	≤ 1 + 2.5
	≤ 3.5 + 2
	≤ 10+2.5
	≤ 8+2.5

	
	16 QAM
	≤ 11.5+3
	≤ 5.5 + 3
	≤ 4 + 2.5
	≤ 2.5 + 2.5
	≤ 4 + 1
	≤ 1.5 + 2.5
	≤ 3.5 + 2
	≤ 10+2.5
	≤ 8+2.5

	
	64 QAM
	≤ 11.5+3
	≤ 5.5 + 3
	≤ 4 + 2.5
	≤ 5.0
	≤ 4 + 1
	
	≤ 5.5
	≤ 10+2.5
	≤ 8+2.5

	
	256 QAM
	≤ 11.5+3
	≤ 5.5 + 3
	
	
	
	
	
	≤ 10+2.5
	≤ 8+2.5

	CP-OFDM



	QPSK
	≤ 12.5+3
	≤ 7 + 3
	≤ 5.5 + 3
	≤ 4 + 3
	≤ 4 + 2.5
	≤ 2 + 3
	≤ 5 + 2
	≤ 11+2.5
	≤ 8+2.5

	
	16 QAM
	≤ 12.5+3
	≤ 7 + 3
	≤ 5.5 + 3
	≤ 4 + 3
	≤ 4 + 2.5
	≤ 5
	≤ 5 + 2
	≤ 11+2.5
	≤ 8+2.5

	
	64 QAM
	≤ 12.5+3
	≤ 7 + 3
	≤ 5.5 + 3
	≤ 4 + 3
	≤ 4 + 2.5
	
	≤ 5 + 2
	≤ 11+2.5
	≤ 8+2.5

	
	256 QAM
	≤ 12.5+3
	≤ 7 + 3
	
	
	
	
	
	≤ 11+2.5
	≤ 8+2.5



Proposal: Consider the proposals in table 1 and table 3 when discussing and specifying the PC1.5 requirements.

4	Conclusions
This contribution provides A-MPR simulation results for PC1.5 and NS_50. The following observations and proposal are made:
Observation 1: For 5MHz CBW the there is no need for additional power back-off with NS_50.
Observation 2: Due to general increase in power back-off need certain allocations require larger power back-off than PC1.5 MPR provides but are not covered by any A-MPR region.
Observation 3: For 10MHz channel the A-MPR region definition seems to be sufficient to cover the power back-off need of all RB allocations. Measurements might be needed for confirmation.
Observation 4: In case of larger channel bandwidth certain RBs at the lower edge of the channel require increased power back-off. Those RB allocations can fall into the Outer and Inner RB regions. Inner RB allocations do not provide enough allowance and new A-MPR regions are needed.
Proposal: Consider the proposals in table 1 and table 3 when discussing and specifying the PC1.5 requirements.
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Table 6.2D.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx

Modulation MPR (dB)
Edge RB allocations | Outer RB allocations | Inner RB allocations

DFTs- | P2 BPSK <6 <@ <05

OFDM

QPSK <65 <[25] <05

16 QAM <65 <[3.5) <15

64 QAM <65 <[] <35

256 QAM <65 <65 <[6.5]

CP-OFDM | QPSK <65 <[4.5] <2

16 QAM <65 <[4.5 <25

64 QAM <65 <[5] <45

256 QAM <85 <85 <[8.5]





