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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
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 FDSS and BWE
	FDSS 
	Yes, receiver in gNB requires change for BWE

	DFT-s-QPSK with Tone reservation and BWE
	FDSS 
	Yes, receiver in gNB requires change for BWE



It is also assumed that the DMRS problem is resolved separately, and it is sufficient to focus on PUSCH. DMRS in FDSS cases need special consideration. The FDSS enabled waveforms have a raised cosine profile equivalent to an FIR filter with time domain impulse response [0.28 1.00 0.28]. BWE is by symmetric cyclic extension of the frequency domain tones of the intended allocation. FDSS is applied over the composite set of tones.
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 2.1.2-1: 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.

Figure 2.1.2-2: Boost potential for outer DFT-s-QPSK using the legacy waveform (100 M channel)
More simulation results are included in Annex3.

Observation 1: The legacy DFT-s-QPSK waveform itself can support power boost in the PA for inner waveforms and reduced need for MPR for some outer waveforms.

The reception problem with BWE
Truly transparent schemes i.e., those that do not need receiver awareness are assumed to use the legacy receiver at the gNB. Waveforms with BWE on the other hand are assumed to have receivers that perform frequency diversity combining of cyclically extended tones. Preliminary analysis has indicated that there is a loss of performance when either BWE. To evaluate receive performance, it is first necessary to adopt a baseline with an appropriate legacy waveform. 
With an aim to improving UL throughput at a system level, rather than increasing UE reach, the appropriate baseline is spectral efficiency of the UL of each UE.  Consequently, we evaluate receiver performance for various throughputs. In our case we chose specific transport block sizes and specific RB allocation sizes. 
Proposal 1: The baseline waveform is a legacy waveform occupying the same RBs as an advanced waveform with an MCS independently adjusted to achieve the same nominal throughput as the advanced waveform.
[image: ]Waveforms that use BWE are expected to lose sensitivity at the gNB receiver. With UL RBs and data block size as fixed boundary conditions, introducing BWE means a reduction in parity bits (coded redundancy) accompanying the payload. This reduction in data redundancy causes degradation in sensitivity. The ‘adjustment’ from baseline to an advanced waveform manifests as a jump in MCS. Higher MCS formats already have depleted data redundancy, and a further reduction to accommodate BWE makes a bad problem worse. Annex 1 shows that higher MCS waveforms are ill suited to BWE. Figure 2.1.3-1 shows the distribution of receiver desense as a function of MCS across the waveforms studied. The x-axis shows the MCS of the base waveform prior to introduction of BWE.
Figure 2.1.3-1: gNB receiver desense for BWE+nontransTR


Some techniques pair BWE with FDSS and tone duplication by cyclic extension in the frequency domain. FDSS adds another layer of desensitization at the gNB Rx on top of the effect caused by BWE. 
Annex 2 has the raw receive sensitivity data with a 25% BWE+FDSS scheme. The receiver is MMSE with frequency diversity combining across duplicated tones for the BWE case.  Sensitivity is recorded in terms of SNR for a BLER of 10%. There is further degradation if a legacy receiver is assumed for BWE, and the power in the tones in the extended spectrum are discarded. 
[image: ]Figure 2.1.3-2 summarizes receiver de-sense for the FDSS+BWE cases we studied. It is self-evident that high MCS already have lower coding redundancy, and therefore more sensitive to any further loss of those bits. BWE therefore magnifies the degradation in sensitivity for high MCS, as the data bears out.

Figure 2.1.3-2: gNB receiver desense for BWE+FDSS


Recall that receiver desensitization sets the break-even bar for improvement on the UE Tx. i.e. there has to be at least as much gain in the Tx as there is desensitization just for the system to achieve parity with legacy performance. The high desensitization values associated with high MCS QPSK waveforms set this bar impractically high for UE Tx.
Observation 2: Higher MCS waveforms that employ BWE suffer from large desensitization at the gNB receiver, and are not suitable for use.
This observation next prompts the question: what kind of RB allocations are suitable for low MCS? In our estimation, using wide allocations with low MCS represents poor use of UL resources. It follows then, that the focus of enhancements with FDSS+BWE should be limited to low MCS, narrow RB allocations. Narrow in this context could mean < 25 % channel BW.
Observation 3: Low MCS waveforms are limited to narrower allocations to preserve system UL spectrum efficiency.
Proposal 2: Owing to receiver desensitization for high MCS, BWE is limited to allocations that span < 25% channel BW.
Link enhancements with non-transparentTR+BWE
Tx enhancement simulation results are included in Annex4. Results show that tone reservation is very well suited to boosting power for inner waveforms but it is not as effective as FDSS+BWE in helping outer waveforms. The inability to help outer waveforms is not grave however: for 100M channels, inner waveforms comprise > 89 % of the waveform possibilities with LCRB <= 64. 

Observation 4: A UE that uses BWE+nontransTR can boost UL power for low MCS inner waveforms. The amount of boost depends on BWE. 

Link performance unfortunately must be reduced by the desense value. For low MCS (<3), the desense value is less than 0.5 dB. There are gains to be had if the PA can be boosted to overcome the desnse.

Observation 4: Link benefit using BWE+non-transTR is available for low MCS, narrow RB allocation inner waveforms if the PA can be boosted. Benefit depends on boost.
Link enhancements with raised cosine FDSS
FDSS is beneficial for UL power levels. For waveforms with LCRB <= 64, FDSS+BWE can allow even outer waveforms to be boosted by a 1 dB, compared to the legacy case where they have an MPR of 1.0 dB. This gain is unfortunately minor because of the small fraction of outer waveforms where low MCS can be used..Figure 2.2.4-1: 100M DFT-s-QPSK with raised cosine FDSS

Observation 6: A UE that uses BWE+ raised cosine FDSS can boost UL power for most low MCS waveforms that are practical. The amount of boost depends on BWE. 
More Tx enhancement simulation results are included in Annex5.

Observation 7: Link benefit using BWE+FDSS is available for low MCS, narrow RB allocation inner and most of the narrow RB allocation outer waveforms. Inner waveforms benefit if the PA can be boosted. Narrow outer waveforms benefit by not needing backoff.

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

EVM calculation methodology
Transparent techniques and techniques that do not pack information in the extended part of the BW can retain the legacy methodology. The EVM discussion is only relevant for FDSS+BWE due to duplicated tones. Since the gNB will remain unaware of the UE’s FDSS profile, it follows that the EVM calculation methodology should also remain blind to the UE’s implementation specifics. 
Further, since BWE+FDSS is going to require an advanced receiver at the gNB to advantageously process the duplicated tones in the frequency domain, this aspect must also be duplicated in the EVM calculator.
Proposal 4: For waveforms with BWE+FDSS, the EVM calculator performs MRC combining across all duplicated tones and retains legacy methodology for the unique tones. The EVM calculator remains unaware of the FDSS profile implemented by the UE.
The evaluations in this contribution are consistent with proposal 3.
IBE criterion
Transparent techniques can retain the legacy methodology. For IBE, legacy methodology can be retained over the UL allocation which includes BWE per previous agreement [1]. The legacy methodology includes referencing the mask to the average power an RB. The evaluations in this contribution are consistent with proposal 4.
Proposal 5: For waveforms with BWE, the IBE mask can remain unchanged from legacy. 
Conclusions
Observation 1: The legacy DFT-s-QPSK waveform itself can support power boost in the PA for inner waveforms and reduced need for MPR for some outer waveforms.
Proposal 1: The baseline waveform is a legacy waveform occupying the same RBs as an advanced waveform with an MCS independently adjusted to achieve the same nominal throughput as the advanced waveform.
Observation 2: Higher MCS waveforms that employ BWE suffer from large desensitization at the gNB receiver, and are not suitable for use.
Observation 3: Low MCS waveforms are limited to narrower allocations to preserve system UL spectrum efficiency.
Proposal 2: Owing to receiver desensitization for high MCS, BWE is limited to allocations that span < 25% channel BW.
Observation 4: A UE that uses BWE+nontransTR can boost UL power for low MCS inner waveforms. The amount of boost depends on BWE. 
Observation 5: Link benefit using BWE+non-transTR is available for low MCS, narrow RB allocation inner waveforms if the PA can be boosted. Benefit depends on boost.

Observation 6: A UE that uses BWE+ raised cosine FDSS can boost UL power for most low MCS waveforms that are practical. The amount of boost depends on BWE. 

Observation 7: Link benefit using BWE+FDSS is available for low MCS, narrow RB allocation inner and most of the narrow RB allocation outer waveforms. Inner waveforms benefit if the PA can be boosted. Narrow outer waveforms benefit by not needing backoff.

Proposal 3: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.

Proposal 4: For waveforms with BWE, the EVM calculator performs MRC combining across all duplicated tones and retains legacy methodology for the unique tones. The EVM calculator remains unaware of the FDSS profile implemented by the UE.

Proposal 5: For waveforms with BWE, the IBE mask can remain unchanged from legacy. 
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Annex 1 - Receiver desensitization due to BWE
The bold box represents the baseline condition.
	
	
	No spectrum extension
	With BWE
	SNR @ 10% BLER (dB)
	

	TBS value
	Tput estimation for DDDSU @4GHz (kbps)
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor
	No extn
	BWE+FDSS
	Desense with BWE+FDSS (dB)

	272
	108.8
	8
	0
	6
	8
	1
	¼
	-7.9
	-7.9
	0

	432
	172.8
	8
	2
	6
	8
	3
	¼
	-6.1
	-6.1
	0

	552
	220.8
	16
	0
	10
	16
	2
	 3/8
	-8.7
	-8.5
	0.2

	808
	323.2
	24
	0
	18
	24
	1
	¼
	-8.8
	-9
	-0.2

	1032
	412.8
	8
	6
	6
	8
	8
	¼
	-2.2
	-1.3
	0.9

	1736
	694.6
	32
	2
	20
	32
	4
	 3/8
	-7.4
	-7.1
	0.3

	2152
	900
	40
	2
	30
	40
	3
	¼
	-7.5
	-7.2
	0.3

	2408
	963.2
	16
	7
	14
	16
	8
	 1/8
	-1.9
	-1.3
	0.6

	4992
	2000
	40
	6
	30
	40
	8
	¼
	-3.3
	-2.4
	0.9

	5376
	2150
	32
	8
	28
	32
	9
	 1/8
	-1.3
	-0.7
	0.6





Annex 2 - Receiver desensitization due to raised cosine FDSS+BWE
The bold box represents the baseline condition.
	
	
	No spectrum extension
	With BWE
	SNR @ 10% BLER (dB)
	

	TBS value
	Tput estimation for DDDSU @4GHz (kbps)
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor
	No extn
	BWE+FDSS
	Desense with BWE+FDSS (dB)

	272
	108.8
	8
	0
	6
	8
	1
	1/4
	-7.9
	-7.4
	0.5

	432
	172.8
	8
	2
	6
	8
	3
	1/4
	-6.1
	-5.6
	0.5

	552
	220.8
	16
	0
	10
	16
	2
	3/8
	-8.7
	-8.2
	0.5

	808
	323.2
	24
	0
	18
	24
	1
	1/4
	-8.8
	-8.7
	0.1

	1032
	412.8
	8
	6
	6
	8
	8
	1/4
	-2.2
	-0.4
	1.8

	1736
	694.6
	32
	2
	20
	32
	4
	3/8
	-7.4
	-6.5
	0.9

	2152
	900
	40
	2
	30
	40
	3
	1/4
	-7.5
	-6.8
	0.7

	2408
	963.2
	16
	7
	14
	16
	8
	1/8
	-1.9
	0
	1.9

	4992
	2000
	40
	6
	30
	40
	8
	1/4
	-3.3
	-1.6
	1.7

	5376
	2150
	32
	8
	28
	32
	9
	1/8
	-1.3
	0.8
	2.1



The desensitization projections apply specifically to the raised cosine FDSS studied in this contribution (see 2.2.1).



Annex 3: Baseline Sim results 
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Annex 4: Sim results for 0.25*BWE+non-transTR
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Annex 5: Sim results for 0.25*BWE+FDSS
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