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1. Introduction
In RAN4#83 meeting, options for power classes for sub-6GHz NR and measurements demonstrating that higher power than the power class definition can be achieved were discussed in [1]. In this contribution, we propose introducing a duty cycle dependent power boost concept in its application to sub-6GHz NR HPUE definition. This concept is also applicable to above 24GHz NR UE power class.
2. Discussion
PA output power capability was evaluated for a number of NR waveforms in [1] showing that a number of waveforms can be transmitted with 3dB or higher power than the baseline CP-OFDM waveform. In this contribution, we further introduce the power boost concept and make proposals on how this concept can be used for sub-6GHz NR PC2 and PC3, as well as for NR above 24GHz.
2.1. LTE HPUE Introduction Background
The introduction of 26dBm PC2 HPUE for Band 41 was based on the observation that for TDD operation and frame configurations below 50% UL Duty Cycle, the 23dBm SAR limit was still met on average. Depending on SAR measurement specification in different regions, this averaging can be assumed or not, thus a 26dBm PC2 UE defined. Since then, HPUE support has been requested for other LTE TDD bands and more recently for the 3.3-3.8GHz frequency range for NR.
2.2. MPR and UL Duty Cycle Dependent Power Boost Concept
2.2.1. Power Boost versus MPR
As of today only MPR is specified for LTE and represents the amount of positive back-off required compared to the PCmax definition of a given power class. This then allows assigning MPR values across waveforms, modulation order and bandwidths when compared to the reference 0dB MPR waveform. In order to provide further flexibility in NR and enable finer grain HPUE definition we introduce the concept of power boosting which corresponds to negative MPR cases that can be obtained for certain waveforms or allocations and can be used in the network provided that certain UL duty cycle conditions are met and is used in a region where averaged SAR results are valid. Note that the concept of power boost has already been used for LTE V2V for the increased power applied to some logical channels.

2.2.2. Power Boost Versus UL Duty Cycle

Considering the 23dBm SAR limit as a 100% UL duty cycle case, the achievable power boost per duty cycle is shown in Table 1:

Table 1: Achievable power boost versus UL duty cycle

	Duty cycle
	CW
	4/5
	3/4
	2/3
	3/5
	1/2
	2/5
	1/3
	1/4
	1/5
	1/8

	Power boost [dB]
	0
	1.0
	1.2
	1.8
	2.2
	3.0
	4.0
	4.8
	6.0
	7.0
	9.0

	Output power [dB]
	23
	24.0
	24.2
	24.8
	25.2
	26.0
	27.0
	27.8
	29.0
	30.0
	32.0


Taking the opposite view whereby UL duty cycle condition must be met to enable a given power boost, one can derive Table 2 in steps of 1dB power boost.
Table 2: UL duty cycle condition to enable different power boost levels

	Power boost [dB]
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Output power [dB]
	23
	24.0
	25.0
	26.0
	27.0
	28.0
	29.0
	30.0
	31.0
	32.0

	Duty cycle
	100.0%
	79.4%
	63.1%
	50.1%
	39.8%
	31.6%
	25.1%
	20.0%
	15.8%
	12.6%


In both cases one, can recognize the 26dBm LTE PC3 case for <50% UL duty cycle and the 31-33dBm GSM power class for 1/8th UL duty cycle.
Observation 1: Higher power than 26dBm is achievable for lower duty cycle: at least 29dBm with 25% duty cycle if Pi/2 BPSK waveform is used. Similarly it shows that 24dBm and 25dBm power levels are feasible for duty cycles that are close to 60% and 80% respectively.

Observation 2: Frame structures for NR are not known as of today, so it is difficult to determine which options are valid, however if DTX is considered, then a more detailed UL duty cycle can be evaluated.

2.2.3. Options for Power Boost

Considering the work presented in [1] there are multiple cases where power boost conditions can be met:

· For HPUE definition and assuming that CP-OFDM fully allocated waveforms are limited to 23dBm, then DFT-s-OFDM waveform would correspond to power boost cases. Up to 26dBm for QPSK modulation and up to 29dBm for PI/2 BPSK modulation.
· In NR, the partial RB allocations no longer have to start at RB0 since PUCCH can be placed anywhere within the channel. In this case, some partial allocation outside channel edge being only limited by in-band emissions and EVM, can benefit from reduced MPR and in the HPUE case, allow power boost.

Observation 3: Both lower PAPR DFT-s-OFDM and partial allocation away from channel edge offer power boost options in NR.
2.2.4. Applicability of Power Boost for PC2 and PC3 Sub-6GHz NR

If the UL duty cycle dependent power boost concept is adopted, both PC3 and HPUE could be defined as a 23dBm power class and the only difference would be that HPUE is allowed to use power boost. Moreover, it will allow HPUE to have higher PCmax granularity versus duty cycle and potentially exceed 26dBm for lower UL duty cycle.

This will also simplify the management of HPUE in networks not allowing or deployed for HPUE, two possibilities may be considered:

· HPUE network signals to UE that power boost is enabled and is disabled by default in UE

· Non-HPUE network signals that power boost is forbidden and enabled by default in UE

In any case UEs signals their power boost capability to the network.

It may be feasible to define a single NR sub-6GHz power class and only enable power boost or not. In this case:

· PC3 equivalent UE would not use power boost and use CP-OFDM waveforms only

· PC2 equivalent UE would use power boost and use both CP-OFDM and DFT-s-OFDM waveforms

Observation 4: Power boost concept in NR can be used in the definition of HPUE and enable a simple management of HPUE in non-HPUE networks. Furthermore, it may allow a single implementation for normal and high power UEs.
2.2.5. Applicability of Power Boost for NSA Sub-6GHz LTE+NR Power Sharing

For NSA operation in NR, power sharing mechanism is being discussed; however it is not clear how much these consider HPUE case. In the case of concurrent transmission in LTE and NR bands, the total transmitted average power is limited to 23dBm in relation to SAR limit, multiple cases can be considered and power boost option used:
· FDD LTE + TDD NR

· FDD LTE + TDD NR
· FDD LTE + FDD NR

· Operation within a region allowing HPUE or not

Within LTE, each transmit path has been limited to 20dBm without accounting for both HPUE case and power balancing. It is difficult here to explain all the possible combinations where power boost could be applied, however Table 3 describes the possible power boost options for the case of a region not compatible (yellow) and compatible with HPUE with 50%/3dB power boost (green) and 25% duty cycle/6dB power boost (dark green) options.
Table 3: possible power boost options for power balancing
	TX2 [dBm]
	TX2 duty cycle
	20 dBm TX1 / TX1 duty cycle

	
	
	100%
	75%
	50%
	25%
	100%
	75%
	50%
	25%

	
	
	Txsum [dBm]
	TX1 Pout option [dBm]

	20
	100%
	23.0
	22.4
	21.8
	21.0
	20.0
	21.2
	23.0
	26.0

	17
	100%
	21.8
	21.0
	20.0
	18.8
	21.7
	23.0
	24.8
	27.8

	14
	100%
	21.0
	20.0
	18.8
	17.0
	22.4
	23.7
	25.4
	28.4

	11
	100%
	20.5
	19.4
	18.0
	15.8
	22.7
	24.0
	25.7
	28.7

	8
	100%
	20.3
	19.1
	17.5
	15.0
	22.9
	24.1
	25.9
	28.9

	5
	100%
	20.1
	18.9
	17.3
	14.5
	22.9
	24.2
	25.9
	29.0

	20
	75%
	22.4
	21.8
	21.0
	20.0
	21.0
	22.2
	24.0
	27.0

	17
	75%
	21.4
	20.5
	19.4
	18.0
	22.1
	23.3
	25.1
	28.1

	14
	75%
	20.7
	19.7
	18.4
	16.4
	22.6
	23.8
	25.6
	28.6

	11
	75%
	20.4
	19.3
	17.7
	15.4
	22.8
	24.0
	25.8
	28.8

	8
	75%
	20.2
	19.0
	17.4
	14.7
	22.9
	24.1
	25.9
	28.9

	5
	75%
	20.1
	18.9
	17.2
	14.4
	22.9
	24.2
	26.0
	29.0

	20
	50%
	21.8
	21.0
	20.0
	18.8
	21.7
	23.0
	24.8
	27.8

	17
	50%
	21.0
	20.0
	18.8
	17.0
	22.4
	23.7
	25.4
	28.4

	14
	50%
	20.5
	19.4
	18.0
	15.7
	22.7
	24.0
	25.7
	28.7

	11
	50%
	20.3
	19.1
	17.5
	15.0
	22.9
	24.1
	25.9
	28.9

	8
	50%
	20.1
	18.9
	17.3
	14.5
	22.9
	24.2
	25.9
	29.0

	5
	50%
	20.1
	18.8
	17.1
	14.2
	23.0
	24.2
	26.0
	29.0

	20
	25%
	21.0
	20.0
	18.8
	17.0
	22.4
	23.7
	25.4
	28.4

	17
	25%
	20.5
	19.4
	18.0
	15.7
	22.7
	24.0
	25.7
	28.7

	14
	25%
	20.3
	19.1
	17.5
	15.0
	22.9
	24.1
	25.9
	28.9

	11
	25%
	20.1
	18.9
	17.3
	14.5
	22.9
	24.2
	25.9
	29.0

	8
	25%
	20.1
	18.8
	17.1
	14.2
	23.0
	24.2
	26.0
	29.0

	5
	25%
	20.0
	18.8
	17.1
	14.1
	23.0
	24.2
	26.0
	29.0


Observation 5: Power boost concept can be used to enable power balancing between LTE and NR transmitter and enable associated HPUE and waveform management.
2.2.6. Applicability of Power Boost for Above 24GHz NR

Above 24GHz, there are no strict SAR limitations and low PAPR waveforms are seen to benefit the management of challenging links. PAPR reduction techniques are studied with RAN1 and could be applicable to both QPSK and Pi/2 BPSK waveforms. In this case, RAN1 does not intend to mandate PAPR reduction techniques, thus different UEs may have varying PAPR with different power boost options if 0dB MPR waveform is DFT-s-OFDM QPSK full allocation without PAPR reduction, as we suggest in other contributions in this meeting. Similarly, partial allocation outside channel edges may see varying MPR reduction or power boost values.

Observation 6: For above 24GHz NR, power boost option enables specific management of low PAPR waveforms.
2.2.7. ACLR Related to Power Boost for Sub-6GHz
Using power boost concept ACLR requirement for bellow 6GHz NR can be managed in a different way than for HPUE. Currently, HPUE requires a 31dBc ACLR whatever the output power, however in reality, once the power is within PC3 range, PC3 ACLR could apply. The amount of power boost is related to the duty cycle, thus it would be feasible to adapt ACLR requirement to the amount of power boost. Similar to the examples bellow:
· 30dBc if no power boost

· 31dBc for power boost <3dB

· 32dBc for power boost between 3dB and 6dB 

· Similar 1dB ACLR tightening per 3dB power boost could also be applied above 24GHz

2.3. Power Boost Proposals

Proposal 1: 
· Introduce duty cycle dependent power boost concept for sub 6GHz NR HPUE
· Introduce power boost concept for above 24GHz NR UE low PAPR waveforms
Proposal 2:

· RAN4 to study power boost options for low PAPR NR waveforms and partial RB allocations

· RAN4 to study duty cycle dependent power boost for LTE+NR NSA power balancing scheme

· RAN4 to study required ACLR tightening for different power boost ranges

Proposal 3: RAN4 to evaluate if NR PC2 and PC3 sub-6GHz definitions could be the same with only power boost being disabled in the second case
3. Conclusion

This contribution introduces the concept of power boost for NR which corresponds to cases where negative MPR can be considered. It shows how this concept can be used to further extend UE capability beyond sub-6GHz NR HPUE, use of low PAPR waveforms for above 24GHz and power sharing mechanisms for LTE+NR NSA operation. The study of this concept allows the following proposals:
Proposal 1: 

· Introduce duty cycle dependent power boost concept for sub 6GHz NR HPUE

· Introduce power boost concept for above 24GHz NR UE low PAPR waveforms
Proposal 2:

· RAN4 to study power boost options for low PAPR NR waveforms and partial RB allocations

· RAN4 to study duty cycle dependent power boost for LTE+NR NSA power balancing scheme

· RAN4 to study required ACLR tightening for different power boost ranges
Proposal 3: RAN4 to evaluate if NR PC2 and PC3 sub-6GHz definitions could be the same with only power boost being disabled in the second case
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