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Introduction
Previous agreements [1,4] identified some simulation particulars for evaluation of link level performance benefit as well as any UE level enhancements to UL. In this contribution we share results from our simulation studies.
Discussion
On ‘Transparent’ variants
Transparent techniques were identified in [1] as:
Transparent scheme in Rel-18 CE means that it doesn’t impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE.
This agreement is relevant for any enhancements that may cause the UE to not meet all existing RAN4 requirements, and therefore need special conditions where they can be exploited. The ‘special conditions’ clause is necessary typically due to need for receiver awareness. These types of enhancements are better classified as ‘semi-transparent’. 
Observation 1: The agreed definition of transparent UL power enhancement schemes in WF R4-2217745  is not truly transparent because the receiver must be aware of their use.
There is a second category of enhancements that are truly transparent, i.e the  receiver does not need to be aware that the UE is using it, and the UE meets all existing RAN4 requirements despite the enhancements. 
Observation 2: Truly transparent UL power enhancement schemes can be implemented without the UE jeopardizing compliance with existing RF emissions and Tx signal quality requirements. These schemes do not need awareness or explicit enabling by the network.
It would be fair to ask what would prevent a UE from deploying these enhancements today? Enhancements to the waveform with non-zero MPR are already possible to a significant extent, because MPR itself is optional for a UE to exploit. Zero MPR waveforms on the other hand must be transmitted at the nominal level for the UE’s power class and must contend with a strict upper limit, ‘PCmaxH’:
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UEs are therefore practically precluded from being able to transmit at higher power levels than nominal level for a power class. 
Observation 3: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Increasing UL power by maximizing the utility of an existing set of physical UL resources (i.e existing Tx chains) in the UE is arguably the first order of business in enhancing coverage, the goal of this WI. RAN4 can further discuss the conditions that govern when the increased UL limit can apply, and if this enhanced value should be reflected in PHRs, etc. The principle however is that PCMAX,H must be revisited:
Proposal 1: RAN4 to loosen (increase) the upper-bound of the configured power inequality (PCMAX,H) to enable FR1 UEs to increase their max. UL power for coverage enhancement.
We show in a later subsection (2.2.2) that even without any new waveform definition in RAN1, a loosening of PCMAX,H can be exploited. 
MPR and Boost Simulations
Waveform variants studied
In keeping with previous agreements, we studied DFT-s-QPSK in various flavours of enhancement:
	Waveform type
	Enhancement scheme
	Receiver awareness required?

	DFT-s-QPSK
	 None, used as control
	No

	DFT-s-QPSK with transparent peak cancellation (TrPC)
	Peaks are trimmed to reduce PAPR
	No 



Transparent techniques do not need special receiver awareness, and do not suffer any desensitization at the gNB Rx. Consequently, all of the Tx enhancement translates directly into a link enhancement
Observation 4: For transparent techniques, all the Tx enhancement translates directly into a link enhancement.
Observation 5: Transparent waveforms, due to their lack of receiver desensitization have no realistic limit to allocation sizes and MCS.

Power boosting potential for the baseline waveform
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Description automatically generated]In figure 2.2.2-1, we present projected power boosting potential of a PC2 UE, assuming a 100 MHz channel and  DFT-s-QPSK. We assumed a TDD PA, and applied the ‘RAN4 calibration’ (ACLR compliance requires a minimum of 1.0 dB back off). We had a subset of these results in [3].
There are significant implementation impediments to realizing the boost potential in a practical UE. These impediments may be easy in some bands and tougher in others. In general for this study it is better to assume that the UE can support power boosting through some future capability framework. The figure shows that 1+ dB boost is possible for a sizeable subset of legacy waveforms that exceeds the ‘inner’ region. The boost can be higher for narrow waveforms (low LCRB). 
Figure 2.2.2-1: Boost potential for DFT-s-QPSK using the legacy waveform (100 M channel)
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Description automatically generated]Figure 2.2.2-2 shows the subset of boost cases above that are in the ‘outer’ region.  This region is highlighted to point out that it is not a ‘marginal’ case for inner waveforms to support boosted operation, the innate capability spills over onto some outer waveforms also. The overall conclusion is that the UE must not be prevented from transmitting at a higher power than nominal for the power class.
This data supports our proposal 1.

Figure 2.2.2-2: Boost potential for outer DFT-s-QPSK using the legacy waveform (100 M channel)



Power enhancements with transparent peak cancellation
Simulation results are included in Annex 2. TrPC does not increase the footprint of 0 dB MPR waveforms significantly beyond what is possible with baseline waveforms. It however does enable higher boost values (contingent on implementation details). 


Observation 6: Transparent peak cancellation can enhance link performance for all inner waveforms, depending on degree of power boost available.

Observation 7: Transparent peak cancellation can enhance link performance for some outer waveforms, due to not needing any backoff (MPR).

The waveforms referred to in observation 7 are those that have boost potential in the outer region in annex 2.

It is evident from our studies that both transparent and non-transparent techniques demonstrate link level benefits. We also find that non-transparent techniques using BWE are limited to low MCS, and therefore narrower RB allocations. Non-transparent techniques are also much more disruptive because of need of receiver awareness and the need to increase UE power dissipation just to achieve parity with baseline.

Proposal 2: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.


Conclusions
Observation 1: The agreed definition of transparent UL power enhancement schemes in WF R4-2217745  is not truly transparent because the receiver must be aware of their use.
Observation 2: Truly transparent UL power enhancement schemes can be implemented without the UE jeopardizing compliance with existing RF emissions and Tx signal quality requirements. These schemes do not need awareness or explicit enabling by the network.
Observation 3: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Proposal 1: RAN4 to loosen (increase) the upper-bound of the configured power inequality (PCMAX,H) to enable FR1 UEs to increase their max. UL power for coverage enhancement.
Observation 4: For transparent techniques, all the Tx enhancement translates directly into a link enhancement.
Observation 5: Transparent waveforms, due to their lack of receiver desensitization have no realistic limit to allocation sizes and MCS.
Observation 6: Transparent peak cancellation can enhance link performance for all inner waveforms, depending on degree of power boost available.

Observation 7: Transparent peak cancellation can enhance link performance for some outer waveforms, due to not needing any backoff (MPR).

Proposal 2: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.
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Annex 1 – Sim data for baseline waveforms
[image: Chart

Description automatically generated]

[image: Chart, line chart

Description automatically generated]

Annex 2 – Sim data for TrPC
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6.2.4 Configured transmitted power

The UE is allowed to set its configured maximum output power Pemax ¢ for carrier f of serving cell ¢ in each slot. The
configured maximum output power Penax . is set within the following bounds:

Pemax L = Pemaxse = Pomax mee With

Peaax vz = MIN {Pevaxc— ATce. (Prowesciass — APpowerciass) ~ MAX(MAX(MPR+AMPR.. A-MPRo)+ ATise + ATce+
ATgssrs. P-MPRo) }
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