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Introduction
For rel 16 [1], an FR2 UE’s transmit power capability has been identified as a potential benefactor if IBE requirements are relaxed, while retaining existing hardware design constraints. In this contribution, we share our view on the technical boundaries constraining this avenue of improvement in transmit power (‘Power Boost’). We also propose to kick off discussion on how best to implement power boost into the standard.
Discussion
It is well understood that the FR2 network benefits from increased EIRP of UEs. A further increase in EIRP capability over rel. 15 levels is practical in the near term only if the associated requirements can accommodate existing designs for power classes. In previous work we have identified that PA transmit power level can be increased if IBE requirements can be relaxed [2]. This trade-off between IBE compliance and EIRP capability represents an avenue to leverage existing designs in order to maximize EIRP, as identified by the WID [1]. 
We expand on the potential for power boost, and any constraints that need to be applied to enjoy this boost, in context of rel. 16. A natural progression of this proposal is a discussion on how to implement this boost capability into rel. 16 of the standard. In sections below we outline some possibilities.
Power Boost in FR2 UEs
FR2 UE MPR studies carried out as part of the rel.15 WI have informed that certain types of UL waveforms are IBE limited, while others are EVM limited, and yet others are limited by regulatory-body emission limits. Now, the IBE requirement has been instituted merely to enable co-existence of UEs that are FDM’ed on the same beam. It has no regulatory exposure. It follows that the IBE requirement can be relaxed without significant downside if usage patterns or active gNB algorithms determine that multiple UEs do not co-habit the same gNB beam. A UE with rel. 15 compliant hardware can take advantage of IBE relaxation by increasing its output power for previously IBE-limited waveforms. 
Observation 1: Power boost from IBE relaxation is feasible only for waveforms that are IBE limited.
Further, previous studies inform, these IBE limited waveforms comprise only DFT-s-BPSK and DFT-s-QPSK waveforms that are not SEM or OBW limited. 
In contrast, all other waveforms are EVM limited, or emissions limited:
· DFT-s-16QAM waveforms are EVM- and IBE-limited at about the same power level when they are not SEM or OBW limited. 
· DFT-s-64QAM are EVM limited when they are not SEM or OBW limited
· CP-OFDM waveforms are EVM limited when they are not SEM or OBW limited. 
The MPR tables in rel.15 clearly identify an eligible sub-class of IBE-limited waveforms as DFT-s-BPSK and DFT-s-QPSK waveforms belonging to inner ‘region 1’. While this class can be expanded it would require significant rearchitecting of the MPR table. We can thus extend observation 1 as follows:
Observation 2: Power boost from IBE relaxation is only feasible for inner ‘region 1’ DFT-s-BPSK and DFT-s-QPSK waveforms.
Our studies suggest that a 1dB increase in EIRP is possible if the ‘cone term’ of the IBE requirement (the term in the general IBE requirement that is sensitive to RB) is relaxed by 3dB or more [2]. While a strict 3rd order non-linearity would be expected to yield 1dB of increased power for only 2dB or relaxation, the 0dB MPR waveforms in FR2 UEs are operating close to compression point of the PA, and the non-linearity takes on higher order dependency. We also appreciate that different implementations may have different sensitivities, so we believe a 4dB relaxation for the 1dB EIRP increase is realistic. It is also useful to note that higher relaxations in IBE do not yield higher EIRP, because the PA output starts to become EVM limited. 
Observation 3: An FR2 UE can boost EIRP by 1dB, for the associated relaxation of IBE general requirements below:

For simplicity, the standard could choose to waive IBE altogether as the condition for EIRP boost, rather than the alternative, which is to specify a parallel set of looser IBE requirements, as in observation 3. This option has the advantage of sidestepping the need to converge on degree of relaxation required to realize the 1dB of power boost. UEs are still subject to IBE under non-boost conditions, so it is expected that there will be no deterioration in UE performance despite suspension of IBE during boost condition.
Proposal 1: IBE requirement shall be suspended during boost condition. 
Proposal 2: UE power boost shall be 1 dB under conditions of suspended IBE requirement.
[bookmark: _Hlk12566040]How to insert power boost into the standard
We established in the previous section that power boost is practical for existing designs only if the IBE constraint is relaxed. The IBE requirement has been put in place to enable the gNB to FDM multiple UEs on the same beam. It follows then, that IBE relaxation, and power boost, is only feasible if multiple UEs are not FDM’ed on the same beam. Now, a UE has no way of determining if multiple UEs co-habit the same gNB beam – this information must come to the UE from the gNB.  This reasoning can be captured in a proposal below:
Proposal 3: The gNB shall indicate to the UE when it may suspend IBE requirements in exchange for higher EIRP.
We also established in the previous section that DFT-s-BPSK and DFT-s-QPSK waveforms belonging to inner ‘region 1’ are good candidates for power boost. MPR tables in section 6.2.2 of the standard show that MPR for these waveforms is already 0dB, so boost cannot be implemented by dint of reducing MPR.  Some alternatives are listed below:
Framework for power boost 
We have identified two options below for implementing power boost, summarized in table 2.2.2-1 below. PIBE is the boost, in the table below, proposed as 1dB in prop. 2.
Table 2.2.2-1: Requirements Change proposals for IBE related power boost
	
	Option 1
	Option 2

	Description
	All EIRP requirements are corrected upward by PIBE dB, and all MPRs increased by PIBE also, to maintain parity with rel. 15 requirements. When gNB indicates compliance with IBE mask is not necessary, MPR for IBE limited waveforms are decreased back to 0
	Add correction to Ppowerclass in configured power equation

	Advantages
	Power Boost value is clearly captured in power class definition section
	Precedent in FR1 (power boost for pi/2 BPSK)
Compact

	Disadvantage
	Power Class definitions change from rel.15 to rel. 16. 

	Power boost is hidden in configured power section, clarity of standard is affected

	Sections Changed
	6.2.1, 6.2.2
	6.2.4

	Implementation Example
	See section 6

	See section 7



We defer to majority view in RAN4 on option to pursue.
Proposal 4: RAN4 to choose between options 1 and 2 of table 2.2.2-1
Other requirements 
When power boost is enabled, the TRP of the UE increases by the power boost value. Recall that TRP limits adopted by 3GPP came from co-existence studies before being adopted by various regulatory bodies. In our opinion, RAN4 cannot modify the TRP limit to accommodate the power boost feature. 
Optional vs Mandatory
A key constraint governing this initiative is to leverage capability of existing UE implementations to increase EIRP, paving the way for implementation in the near term, in rel. 16 UEs. We however appreciate that not all UE implementations can exploit the IBE relaxation. Consequently, we don’t have a strong view on the optionality question.
Proposal 5: The ability to boost EIRP in exchange for suspended IBE requirements shall be an optional capability for UEs
Conclusion
We analysed the conditions and constraints governing power boost when a UE operates under relaxed IBE requirements. We made the following proposals:
Proposal 1: IBE requirement shall be suspended during boost condition. 
Proposal 2: UE power boost shall be 1 dB under conditions of suspended IBE requirement.
Proposal 3: The gNB shall indicate to the UE when it may suspend IBE requirements in exchange for higher EIRP.
Two options to incorporate power boost into the standard were identified: 
	
	Option 1
	Option 2

	Description
	All EIRP requirements are corrected upward by PIBE dB, and all MPRs increased by PIBE also, to maintain parity with rel. 15 requirements. When gNB indicates compliance with IBE mask is not necessary, MPR for IBE limited waveforms are decreased back to 0
	Add correction to Ppowerclass in configured power equation



We defer to majority view in RAN4 on option to pursue.
Proposal 4: RAN4 to choose between options 1 and 2 in table above
Proposal 5: The ability to boost EIRP in exchange for suspended IBE requirements shall be an optional capability for UEs
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Appendix
The objectives in the WID [1] covering rel. 16 FR2 RF topics are included below. The item relevant to this contribution has been highlighted:



Option 1 TP
The MPR and EIRP requirements are modified by the parameter PIBE as follows. Example shown for PC3, table 6.2.2.3-2 modifications like those in table 6.2.2.3-1, other power classes are similar:



Option 2 TP
The configured power equation is modified by the parameter PIBE as follows. PIBE has been proposed as 1dB in this contribution (prop 2).
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Table 6.2.2.3-1 MPRwr for power class 3, BWchannel < 200 MHz

MPRwr, BWcnhanne £ 200 MHz

Modulation Inner RB allocations, Edge RB allocations
Region 1
Pi/2 BPSK 0.0 + AP S2.0 + APige
QPSK 0.0 + APe®™ S2.0 + APige
DFT-s-OFDM 5 qam <30+ AP 3.5+ AP
64 QAM $5.0 + APige 5.5+ APise
QPSK $3.5+APie 4.0 + APise
CP-OFDM 16 QAM $5.0 + APige 5.0 + APige
64 QAM S7.5+APie S7.5+ APige

Note 1: MPR for these cells shall be 0 when IE bit (supendIBE) is set to (enabled)
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Table 6.2.1.3-1: UE minimum peak EIRP for power class 3

Operating band Min peak EIRP (dBm)
n257 22.4 + APise
n258 22.4 + APie
n260 20.6 + APise
n261 22.4 + APie

NOTE 1: Minimum peak EIRP is defined as the
lower limit without tolerance
NOTE 2: Void
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Table 6.2.1.3-3: UE spherical coverage for power class 3

Operating band

Min EIRP at 50 %-tile CDF

(dBm)
n257 11.5 + APige
n258 11.5 + APie
n260 8.0 + APige
n261 11.5 + APie

NOTE 2: Void

E.2.1.

NOTE 1: Minimum EIRP at 50 %-tile CDF is defined as the
lower limit without tolerance

NOTE 3: The requirements in this table are verified only under
normal temperature conditions as defined in Annex
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The configured UE maximum output power Penax ¢ for carrier fof a serving cell ¢ shall be set such that the
corresponding measured peak EIRP Puyax £ is within the following bounds

Prowercizss + APz ~ MAX(MAX(MPRe, A- MPR,) + AMBp,, P-MPR¢c) - MAX {T(MAX(MPR, A- MPRgc,)), T(P-
MPRee)} <Ponax e < EIRPaax

while the corresponding measured total radiated power Pryax ¢ is bounded by
Prvaxge < TRPmax

with Peoerctass the UE power class as specified in sub-clause 6.2.1, EIRPax the applicable maximum EIRP as specified
in sub-clause 6.2.1, MPRy as specified in sub-clause 6.2.2 , A-MPRq as specified in sub-clause 6.2.3, AMBz., the peak
EIRP relaxation as specified in section 6.2.1 and TRPugx the maximum TRP for the UE power class as specified in sub-
clause 6.2.1, APgg is 0 when IE bit (suspendIBE) is set to (disabled).
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