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Net-Gain evaluation
This section shall capture the net-gain results from different company input. The intention is to provide a basis allowing to draw conclusions in following sections.

In most cases companies provide several data points for a certain RB configuration. The setup could differ in deployed shaping filter, use of alternative transparent peak cancelation methods, extension factor or MCS. For each data point the net-gain is calculated by utilizing the agreed net-gain equation from WF of RAN4#106bis. In the following the tremendous dataset is reduced by aggregating the data points of each RB configuration. For this aggregation the max() operator is used. This means that the values in the following tables represent the best performance for a certain RB allocation which is reported by a company.

As example, if there exist four data points for inner allocations with 16 RBs (differing in shaping filter, MCS etc.) then the maximum net-gain value is used for further processing. The reasoning is that a UE vendor would optimize its setup in terms of shaping filter and peak cancelation to achieve optimum net-gain. With this approach the max of the net-gain is collected for inner and outer allocations.
Net-Gain of transparent scheme (FDSS)
Below the net-gain results of inner allocations for 700MHz and 4GHz are provided, assuming UE power boosting beyond MPR0 is enabled in the standard. Most results are based on FDSS for transparent schemes. Some data points are based on different peak cancelation techniques (e.g. results from Qualcomm).
Table 1: Inner Allocations (700GHz)
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	0.25
	
	-0.14
	0.12

	16
	0.00
	-2.59
	
	0.00

	24
	-0.00
	-2.36
	
	0.00

	32
	-0.02
	-2.39
	
	0.00

	40
	0.07
	-2.32
	1.40
	0.49



Table 2: Inner Allocations (4GHz)
	RB
	Nokia
	Qualcomm
	vivo
	Huawei
	Ericsson
	Average

	6
	
	
	
	-0.62
	
	0.00

	8
	0.04
	
	
	-0.63
	-0.12
	0.01

	16
	0.12
	
	-3.09
	
	
	0.06

	24
	0.19
	
	-3.14
	
	
	0.09

	32
	0.31
	
	-3.68
	
	
	0.15

	36
	
	
	
	-0.16
	
	0.00

	40
	0.32
	
	-3.65
	-0.34
	-0.24
	0.08



Table 2a: Inner Allocations, no FDSS (4GHz)
	RB
	
	Qualcomm
	
	Ericsson
	Average

	6
	
	
	
	
	

	8
	
	1.50
	
	-0.12
	1.50

	16
	
	1.50
	
	
	1.50

	24
	
	1.20
	
	
	1.20

	32
	
	1.20
	
	
	1.20

	36
	
	
	
	
	

	40
	
	1.00
	
	-0.24
	1.00



Table 3: Outer Allocations (700MHz)
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	0.83
	
	0.50
	0.66

	16
	0.43
	-0.78
	
	0.21

	24
	0.38
	
	
	0.38

	32
	0.58
	-1.11
	
	0.29

	40
	0.56
	-1.12
	0.71
	0.42



Table 4: Outer Allocations (4GHz)
	RB
	Nokia
	
	vivo
	Ericsson
	Average

	8
	1.02
	
	
	0.69
	0.86

	16
	0.51
	
	-1.87
	
	0.25

	24
	0.43
	
	-2.02
	
	0.22

	32
	0.66
	
	-2.28
	
	0.33

	40
	0.75
	
	-2.21
	0.76
	0.50



Table 4a: Outer Allocations (4GHz), no FDSS
	RB
	
	Qualcomm
	Ericsson
	Average

	8
	
	1.00
	0.66
	1.00

	16
	
	1.00
	
	1.00

	24
	
	0.90
	
	0.90

	32
	
	0.90
	
	0.90

	40
	
	0.50
	0.76
	0.50




<Observation>: Observations on average net-gain with FDSS and transparent peak cancelation schemes.
· The average value is calculated as the average of all RB allocations for all schemes with inputs provided to RAN4
· For 700MHz companies report net-gain improvements versus baseline with an average of +0.12dB for inner and +0.39dB for outer allocations
· For 4GHz companies report net-gain improvements versus baseline with an average of +0.06dB for inner and +0.43dB for outer allocations 
· Transparent schemes from Qualcomm are based on peak cancelation schemes differing from FDSS which is transparent and up to the UE. However, complexity of these techniques has not been assessed by RAN4. Transparent Peak cancelation techniques appear to feature increased net-gain capability compared to FDSS, and for this reason cannot be averaged together with FDSS. For 4GHz reported net-gain improvements versus baseline with an average of +1.28dB for inner and +0.86dB for outer allocations. For 700MHz there are no results provided.
· Some data suggests negative net gain for FDSS+transparent. This may mean the filter and/or some other factors that was chosen for analysis is not optimal. Based on this understanding, currently in the average process of previous tables, the negative values were replaced by zero. However, this process means that some additional self-optimization and adaptive method is taken, which may mean some additional benefit in the evaluation.

· Performance of Transparent vs. baseline schemes with Boosting, 4 GHz
· Observations:
· Qualcomm & Ericsson gains are relatively constant over MCS 0, 2, 6
· Nokia has ~0.3 dB less gain at MCS 6 than MCS 0 & 2 (for 8 RB scenario)
· Could be differences among transparent schemes: Nokia uses FDSS, Ericsson clipping, and Qualcomm peak cancelation.
· For transparent schemes’ gains
· Ericsson observes ~0.7 dB gain for outer PRBs, small loss for inner PRBs
· Qualcomm observes 1.0 and 1.5 dB gains for outer and inner PRBs, respectively, provided boosting is enabled
· Nokia observes that for inner PRBs the gain is around zero (in some cases even negative). For outer PRBs, the gain varies between 0.2 and 1.0 dB, depending on the scenario. 
· Performance of Transparent vs. baseline schemes with Boosting, 700 MHz
· Observations:
· Ericsson gains are relatively constant over MCS 0, 2, 6 for outer PRBs
· For inner PRBs, MCS 0 has small loss, while MCS 2 & 6 have gains
· Nokia has ~0.2 dB less gain at MCS 6 than MCS 0 & 2 (for 8 RB scenario)
· For transparent schemes’ gains
· Ericsson observes 0.5-0.7 dB gain for outer PRBs, ~1.0 dB gain for inner PRBs at MCS 2 & 6
· Nokia observes that with respect to baseline, FDSS performs quite similarly in both 700 MHz and 4GHz scenarios. For inner PRBs the gain is around zero (in some cases even negative). For outer PRBs, the gain varies between 0.2 and 0.8 dB, depending on the scenario. 

Net-Gain of non-transparent scheme (FDSS-SE)
Below the net-gain results of inner allocations for 700MHz and 4GHz are provided. The results are based on FDSS with spectrum extension (FDSS-SE) for non-transparent schemes. Other assumptions are that UE power boosting is enabled and the gNB receiver does not discard the power in the extension RBs. 

Table 5: Inner Allocations (700GHz)
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	0.71
	1.03
	-0.12
	0.58

	16
	0.87
	0.02
	
	0.45

	24
	0.97
	0.43
	
	0.70

	32
	0.56
	0.92
	
	0.74

	40
	0.80
	0.41
	0.86
	0.69



Table 6: Inner Allocations (4GHz)
	RB
	Nokia
	Qualcomm
	vivo
	Huawei
	Ericsson
	Average

	6
	
	
	
	1.28
	
	1.28

	8
	0.47
	1.50
	1.04
	1.03
	-0.21
	0.81

	16
	0.43
	1.30
	0.71
	
	
	0.814

	24
	0.69
	2.10
	0.97
	
	
	1.25

	32
	0.83
	1.00
	1.88
	
	
	1.24

	36
	
	
	
	0.33
	
	0.33

	40
	0.96
	1.50
	0.73
	1.64
	0.14
	0.99



Table 7: Outer Allocations (700MHz)
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	1.10
	1.60
	1.29
	1.33

	16
	0.84
	0.07
	
	0.46

	24
	1.21
	1.41
	
	1.31

	32
	0.61
	0.72
	
	0.66

	40
	0.99
	1.33
	2.05
	1.46



Table 8: Outer Allocations (4GHz)
	RB
	Nokia
	Qualcomm
	vivo
	Ericsson
	Average

	8
	1.16
	1.50
	2.07
	1.12
	1.46

	16
	1.3
	1.10
	-0.13
	
	0.8

	24
	1.03
	1.90
	1.82
	
	1.58

	32
	0.79
	0.90
	1.48
	
	1.06

	40
	1.34
	1.30
	1.12
	1.65
	1.35



<Observation>: Observations on net-gain with FDSS-SE
· For 700MHz companies report net-gain improvements versus baseline with an average of +0.63dB for inner and +1.04dB for outer allocations
· For 4GHz companies report net-gain improvements versus baseline with an average of +0.96dB for inner and +1.19dB for outer allocations 

Gain of non-transparent vs transparent schemes


Net-gain of FDSS with the net-gain from FDSS-SE is compared. The metric ‘delta net-gain’ is used. The delta net-gain is calculated as follows:
Delta Net-Gain = Net-Gain(FDSS-SE) – max(Net-Gain(transparent), 0)
The delta net-gain is calculated by considering the FDSS-SE gain and subtracting the gain from transparent techniques. The max() operator is deployed as some net-gain results are negative. The net-gain for transparent schemes cannot become negative if properly optimized, though this optimization may bring extra benefit in the evaluation. The lowest value for net-gain of transparent schemes can only be zero. As consequence the delta net-gain equation limits the transparent net-gain to a minimum of zero.
Table 9: Delta for Inner Allocations (700MHz) , relative to transparent FDSS
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	0.47
	1.03
	-0.12
	0.46

	16
	0.87
	0.02
	
	0.44

	24
	0.97
	0.43
	
	0.70

	32
	0.56
	0.92
	
	0.74

	40
	0.73
	0.41
	-0.54
	0.20



Table 10: Delta for Inner Allocations (4GHz), relative to transparent FDSS
	RB
	Nokia
	
	vivo
	Huawei
	Ericsson
	Average

	6
	
	
	
	1.28
	
	1.28

	8
	0.43
	
	1.04
	1.03
	-0.21
	0.57

	16
	0.31
	
	0.71
	
	
	0.51

	24
	0.50
	
	0.97
	
	
	0.73

	32
	0.52
	
	1.88
	
	
	1.20

	36
	
	
	
	0.33
	
	0.33

	40
	0.63
	
	0.73
	1.64
	0.14
	0.79



Table 10: Delta for Inner Allocations (4GHz), relative to transparent peak cancellation
	RB
	
	Qualcomm
	
	
	

	6
	
	
	
	
	

	8
	
	0.0
	
	
	

	16
	
	-0.2
	
	
	

	24
	
	0.9
	
	
	

	32
	
	-0.2
	
	
	

	36
	
	
	
	
	

	40
	
	0.5
	
	
	



Table 11: Delta for Outer Allocations (700MHz) , relative to transparent FDSS
	RB
	Nokia
	vivo
	Ericsson
	Average

	8
	0.27
	1.60
	0.79
	0.89

	16
	0.42
	0.07
	
	0.24

	24
	0.83
	1.41
	
	1.12

	32
	0.03
	0.72
	
	0.38

	40
	0.43
	1.33
	1.34
	1.03


	
Table 12: Delta for Outer Allocations (4GHz) , relative to transparent FDSS
	RB
	Nokia
	Qualcomm
	vivo
	Ericsson
	Average

	8
	0.14
	0.50
	2.07
	0.43
	0.78

	16
	0.79
	0.10
	-0.13
	
	0.45

	24
	0.59
	1.00
	1.82
	
	1.14

	32
	0.13
	0.00
	1.48
	
	0.54

	40
	0.58
	0.80
	1.12
	0.89
	0.85




[image: ]
Figure 1:  FDSS and transparent gain comparison for inner/outer/MCS/Companies for 4GHz

[image: ]
Figure 2:  FDSS and transparent gain comparison for inner/outer/MCS/Companies for 700MHz


<Observation>: Observations on average delta net-gain.
· The average value is calculated as the average of all RB allocations for all schemes with inputs provided to RAN4
· For 700MHz the delta net-gain has an average of +0.51dB for inner and +0.73dB for outer allocations
· For 4GHz companies report net-gain improvements versus baseline with an average of +0.78dB for inner and +0.73dB for outer allocations (excluding Qualcomm results)
· Qualcomm results show a delta gain of 0.2dB for inner and 0.48 for outer allocations at 4GHz. The low delta comes from the high net gain obtained by transparent peak cancelation schemes.


· FDSS-SE gains vs. Transparent: with Boosting, 4 GHZ considering differentiating the inner/outer/MCS
· Observations:
· All show reduced gains at highest MCS (6)
· The net gain from FDSS-SE is biggest in the following cases: FDSS-SE, MCS0 & MCS2  
· MCS 2 vs. MCS 0 gains do not vary too much
· According to Nokia results:
· The gain is up-to 1.3 dB for outer allocations (extension factor 0.25) 
· The gain is up-to 1.0 dB for inner allocations (extension factor 0.25) 
· The net gain with extension factor 0.375 is between 0.4 and 1.3 dB 
· The net gain with extension factor 0.125 is up-to 0.8 dB (MCS7).
· For Inner vs. outer RBs: 
· Ericsson and QC show reduced or no gains for inner PRBs for FDSS-SE vs. transparent
· Nokia shows the following results for FDSS-SE vs. transparent (=Delta): 
· 8 RB scenario: Delta is about 0.2-0.3 dB for inner (MCS0 & MCS2)
· 24 RB scenario: Similar Delta for inner and outer: Delta is 0.5-0.6 dB
· 40 RB scenario: Similar Delta for inner and outer for MCS2: Delta is 0.6 dB
· For FDSS-SE vs transparent gain:  
· Ericsson show at most ~0.5 dB gain for outer PRBs
· ~0.1dB loss is observed for MCS 6 in outer PRBs
· No gains vs. baseline for either transparent or FDSS-SE in inner PRBs
· Qualcomm show about 0.5 db Inner, 1.0 dB outer gains
· Nokia: Delta (FDSS-SE gain over transparent) is about 0.4-1.0 dB for inner PRBs, and 0.1-1.3 dB for Outer PRB (when excluding MCS 6)
· Delta is 0.2 dB for MCS 6 (inner, 8RBs)
· Huawei: 1.6-2.0 dB gain (for inner PRBs; no results for outer PRBs)
· Huawei’s transparent schemes are substantially worse than others, having losses of 0.9-1.2 dB, whereas others have 0.2 dB loss

· FDSS-SE gains vs. Transparent: With Boosting, 700 MHZ considering the inner/outer/MCS
· Observations:
· Ericsson has reduced gains at highest MCS (6), Nokia less so
· The net gain from FDSS-SE is biggest in the following cases: FDSS-SE, MCS0 & MCS2  
· MCS 2 vs. MCS 0 gains do not vary too much for Nokia
· Ericsson shows MCS2 with 0.5 dB more gain than MCS 0 on outer PRBs, similar gain on inner PRBs
· According to Nokia results:
· The gain is up-to 1.2 dB for outer allocations (extension factor 0.25) 
· The gain is up-to 1.0 dB for inner allocations (extension factor 0.25) 
· The net gain with extension factor 0.375 is between 0.6 and 0.9 dB 
· The net gain with extension factor 0.125 is up-to 0.4 dB (it's worth of noting that coding rate is very high in these cases).
· Ericsson show worse gains for inner PRBs, while Nokia show better for inner PRBs
· Ericsson performance for both transparent and FDSS-SE worse than Nokia’s for inner PRBs, but better for outer PRBs
· For FDSS-SE vs transparent gain:  
· Ericsson show ~0.5-1.3 dB gain from FDSS-SE on outer PRBs, 
· Inner PRBs have essentially no gain for MCS 0 & 2, 0.6 dB loss for MCS 6
· Nokia: Delta (FDSS-SE gain over transparent) is up-to 0.8 dB on outer PRBs
· Delta for Inner PRBs is typically 0.5-1.0 

· Summary based on the simulation results utilizing agreed assumption:
· Results vary quite a bit
· Some see the largest gains in inner PRBs; others in outer PRBs
· Gains for MCS 6 can be 0.5 dB or more, worse than MCS 0 & 2
· The spreadsheet results provide a limited window into behavior, since
· 
· There are many configurations simulated, and selecting among them is complicated, which leads to taking the ‘best’ configuration although this may exaggerate gains.
· Not all companies provided results for all configurations, boosting/not, inner/outer, filter type etc.
· FDSS-SE gains over transparent schemes vary with parameter settings: RB size, inner/outer, MCS index, filter type, etc
· May imply need to have adaptive schemes; further study needed
· The net gain performance between 700MHz and 4GHz is quite similar  
· Best case gains for transparent schemes over baseline from the spreadsheet:
· 0.6-1.0 dB for outer PRBs, 0.3-1.5 dB for inner PRBs
· Best case gains for FDSS-SE gains over transparent schemes from the spreadsheet (not considering where transparent schemes are ~-1 dB worse than baseline) :
· 0.1-0.9 dB dB for inner PRBs, for MCS<=2
· 0.4-1.3 dB for outer PRBs, for MCS<=2

Further discussion and Way Forward

<Way forward>: Further discussion on PAPR reduction schemes:
· With report of considerable net-gains achieved with other transparent peak cancelation techniques discuss further viability of transparent schemes with other peak cancelation techniques based on reported gains. (see WF from RAN4#106 for one reference to a peak cancellation scheme). The delta net-gain is about 0.5dB to 0.7dB for inner and outer allocations for certain MCS, based on boosting being enabled and gNB Rx processing all UL RBs, i.e. diversity gain from extension RBs.  
<Way forward>: Power boosting
Companies are requested to provide further input on potential power boosting for coverage enhancement:
· Discuss power boosting beyond the nominal power of the power class versus no boosting.
· If power boosting beyond the nominal power of the power class is considered: 
· Discuss power boost framework. 
· If any of the schemes assessed by RAN4 is selected power boost is assumed available for the UE to use. 
· FFS on potential specification impact for enabling power boosting.

<Agreement>: Specification impact
· Postpone discussion on specification impact until it is clear which solutions to consider for MPR/PAR reduction.

<Way forward>: Companies are asked to provide further input on the following open items:
· RAN4 to discuss if coverage enhancement is relevant for wide allocation low MCS cell-edge cases. Wide allocation in this context is >50 for 100M channels and >10 for 20M channels. However, net-gain are also present for smaller allocations (see Table 5-Table 8).
· How to define MPR. As starting point discuss whether it makes sense to consider definition of the current RB regions (Edge/Outer/Inner) as the starting point in order to minimize the specification complexity.
· Discussion on whether EVM shall be according to in-band signal only.
· Flatness requirements: Further input on whether the spectrum flatness requirement for transparent scheme should or should not be the same as for Pi/2 BPSK.
· ACLR: Whether RAN4 shall collect operators’ view on whether to apply the ACLR of a PC2 UE to a PC3 UE when the output power can be boosted to the same level with a PC2 UE
· Requirements for excess band:
· Demod requirements for the gNB supporting and configuring this feature if FDSS-SE will be selected in normative phase.
· Further input on whether the UE must use the excess band if configured or whether it is left for UE implementation. In case of latter option, if UE can meet the minimum Tx power requirement also without excess band, it can do so.
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