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Introduction
In this paper we discuss the issues with achieving high output power from handheld UE designs and present measurements on PC2 designs with pi/2 BPSK waveforms.
 
Discussion
In RAN4#99-e the wish to attain output powers up to 32dBm from UE handheld devices was discussed [1]. The ability to achieve high output power was further investigated and it was found that several factors must be addressed for this to be realized. Typical UEs have several dBs of front-end loss therefore achieving 32 dBm at the antenna would require a PA with an output power of between 5 to 8W. Based on our understanding this would require a high-power device such as a LDMOS PA that typically runs on a 28V bias. The incorporation of a 28V bias into a handheld UE may require significant effort as currently most PAs in handheld devices use a bias of around 5V. Also, the peak current draw of these high-power PAs may be too large for some UE batteries to source therefore this needs to be analyzed further. High-power PAs also have higher heat dissipation requirements therefore better ways of cooling these devices has to be studied in order to for them to be a viable choice for handheld UEs. 
As an initial step to achieving higher power the ability to obtain more output power from PC2 devices using shaped pi/2 BPSK waveforms was explored. Investigations were done at f=3450MHz using the parameters given in the following table. 

	Parameter
	Value

	Pulse shaping filter
	[0.28 0.91 0.28]

	Waveform
	DFTS OFDM with pi/2 BPSK with Rel-16 DMRS

	Start RB
	[10 30 50 70 90]

	LCRB
	[2 4 8 16 64]

	BW
	40 MHz

	SCS
	30 kHz



Table 1: Measurement parameters
Each Pi/2 BPSK waveform was filtered using a 3-tap filter given in table 1. This filter was selected to give waveforms with PAPRs around 2dB which is was thought to be a good compromise between achieving higher output power and limiting excessive filtering of the signal. For each start RB/LCRB combination the PA output was analyzed for IBE, EVM, ACLR, SEM and output power. The table below gives the measured results based on one PA sample. The increase in output power for various pi/2 BPSK waveforms above the PC2 MPR0 power level is given along with the SEM and IBE margins. The pi/2 BPSK output power is constrained by practical implementation considerations.
	Waveform
	Output Power above PC2 MPR0
	SEM margin
	IBE margin

	 
	(dBm)
	(dB)
	(dB)

	2RB10
	1.4
	10.7
	16.4

	2RB30
	1.2
	12.3
	15.5

	2RB50
	1.3
	26.6
	22.7

	2RB70
	1.1
	22.3
	15.6

	2RB90
	1.0
	11.9
	16.3

	4RB10
	1.2
	12.3
	15.8

	4RB40
	1.1
	16.7
	15.9

	4RB50
	1.0
	28.4
	22.2

	4RB70
	1.0
	17.4
	15.7

	4RB90
	1.0
	13.9
	15.6

	8RB10
	1.1
	14.0
	15.7

	8RB30
	1.0
	18.0
	15.4

	8RB50
	1.0
	28.3
	23.8

	8RB70
	0.9
	21.1
	14.8

	16Rb10
	1.1
	16.3
	16.6

	16RB30
	1.2
	26.9
	22.4

	16RB50
	1.0
	28.4
	22.9

	16RB70
	1.1
	19.2
	16.4

	64RB10
	1.0
	8.4
	20.1

	64RB30
	1.3
	10.9
	20.9


Table 1: Measured PA results
The IBE, EVM, ACLR and SEM were all seen to pass with sufficient margin for these waveforms.
Observation 1: Measurements on a PC2 PA revealed that Pi/2 BPSK waveforms can deliver approximately 1 dB of extra power compared to PC2 MPR0 power
To prevent transceiver baseband harmonics from falling out of band and leading to SEM failures analysis revealed that for a LO placed at the  channel center Pi/2 BPSK waveforms with RB≤2 should be confined to ±25% of the CBW from the LO. For a 1dB increase in output power Pi/2 BPSK waveforms with RB≥4 should be confined to ±35% from a LO placed at the channel center. Expansion of the confinement region for  RB≥4 may be possible pending further studies.
Proposal 1: For a channel with the LO placed at the center Pi/2 BPSK waveforms with RB≤2 should be confined to  ±25% of the CBW from the LO and Pi/2 BPSK waveforms with RB≥4 should be confined to ±35% from the LO.



Conclusion
Measurements were performed with several Pi/2 BPSK waveforms have various SRB/LCRB combinations on a PC2 PA and the following observations were made:
Observation 1: Output power measurements on a PC2 PA revealed that Pi/2 BPSK waveforms can deliver approximately 1 dB of extra power compared to PC2 MPR0 power
Proposal 1: For a channel with the LO placed at the center Pi/2 BPSK waveforms with RB≤2 should be confined to  ±25% of the CBW from the LO and Pi/2 BPSK waveforms with RB≥4 should be confined to ±35% from the LO.
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