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Introduction
As part of an UL EVM requirement, RAN4 need to establish certain calculation details pertaining to PTRS processing. In this contribution, we share some details on the calculation procedure and its impact on EVM. 
Discussion
Phase noise profile proposal
In [5], we proposed an UL256QAM-worthy phase noise profile out of the profiles in TR38.803 as follows:Figure 2.1-1: Proposed phase noise profiles for UL256QAM

Fhybrid(f) = min[Fex1(f),Fex2(f)]
The WF [6] also recorded another phase noise profile as a candidate, referred to simply as ‘option 2’ for brevity. Figures 2.1-1 shows the proposed profiles in relation to the phase noise profile in the TR. 
These profiles were evaluated with test signals with no impairment other than phase noise. While impractical, this simplification is useful to isolate the EVM impact due to phase noise and associated processing. Tables below summarize findings. Constellation diagrams are included in the Annex.
	CP-OFDM, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	30G Hybrid
	-33.5
	-32.7
	0.8

	40G Hybrid
	-30.1
	-29.2
	0.9

	Option 2 [6]
	-28.4
	-28.1
	0.3



	DFT-s-OFDM, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	30G Hybrid
	-32.7
	-32.8
	-0.1

	40G Hybrid
	-29.4
	-29.2
	0.2

	Option 2 [6]
	-26.9
	-28.1
	-1.2



Given the EVM requirement of -29.1 dB, FR2-1 UEs that can reasonably support UL256QAM seem to be limited to 24-30 GHz. It further appears that the ‘Option 2’ profile has too much high-offset phase noise to support 256QAM. We therefore propose to adopt the only phase noise profile that seems able to support UL256QAM among the WF options. A further consideration is to use the favorable 30 GHz phase noise assumption to establish requirements that advanced UEs in the future can support in higher bands.
Observation 1: UL256QAM looks infeasible with the ‘Option 2’ profile [WF R4-2303491] even for n257, n258 and n261. 
Proposal 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803 for n257, n258 and n261.
Proposal 2: RAN4 to discuss using the favorable 30 GHz phase noise assumption to establish requirements for any band. Advanced UEs in the future can support in higher bands.
Without an assumption like in the proposal above there is no UL256QAM feature because no amount of MPR granted to the UE will ever let it make an UL with adequate signal quality.
On PTRS configuration for UL EVM
Background
In [5] we demonstrated some problems with PTRS. They are summarized here:
1. EVM tax: Both CP-OFDM and DFT-s-OFDM suffer an EVM degradation overhead when PTRS processing is enabled, even when there is no phase noise:
a. For DFT-s, the penalty has a rising trend as the allocation gets wider.
b. For CP-OFDM, the penalty rises (significantly) for narrow allocations.
2. Implementation-dependent benefit: The impact of PTRS processing depends on the phase noise profile and therefore a strong function of UE implementation. 
We concluded there is no ‘optimal level’ of PTRS that is applicable to all UEs (or rather all phase noise profiles). If however the phase noise profile proposed above is agreed, it may be possible to streamline the PTRS configurations across all UE implementations that support UL256QAM. We investigate this possibility in the next subsection.
EVM benefit and PTRS configuration 
Method
The desired waveform was 256QAM of various allocation sizes and 120 kHz SCS. To isolate the EVM impact of phase noise, no AWGN, image, LO or non-linear distortion products accompanied the signal. The phase noise profile is chosen as the hybrid 30G profile from section 2.1 (see proposal 1).
CP-OFDM
For CP-OFDM, PTRS density ranged from no correction to frequency density k=2 and k = 4. Time density was fixed at L = 1. Table 2.2.2.2-1 summarizes the EVM
	‘hybrid 30’ profile
	EVM from floor (dBc)

	
	No PTRS
	K=4
	K=2

	LCRB
	4
	-33.7
	-34.0
	-34.4

	
	16
	-33.0
	-33.6
	-33.9

	
	64
	-32.7
	-33.5
	-33.5

	
	256
	-32.5
	-33.3
	-33.4


Table 2.1.4.2-1: EVM penalty for CP-OFDM with PTRS correction
Results show that PTRS corrections seem to help the EVM floor in proportion to the density of PTRS. The effectiveness tapers off for wider allocations, so there is room for optimization in the field.
Observation 2: A fixed PTRS configuration of K=2, L=1 benefits EVM for CP-OFDM waveforms with the phase noise profile of proposal 1. 
DFT-s-OFDM
For DFT-s-OFDM, the configuration ([Nsampgroup, NPT-RSgroup]) are chosen amongst this set: {[4 2], [4 4], [4 8]}. The # of groups was maximized while ensuring there were fewer PTRS data symbols than PDSCH symbols. For all cases, number of PTRS samples per group was limited to 4.The group count is recorded in that tables below .
	‘hybrid 30’ profile
	# PTRS groups
	EVM from floor (dBc)

	
	
	No PTRS 
	PTRS enabled

	LCRB
	4
	4
	-33.8
	-35.3

	
	16
	8
	-32.9
	-33.6

	
	64
	8
	-32.7
	-32.7

	
	256
	8
	-32.5
	-32.3


Table 2.1.4.2-1: EVM penalty for DFT-s-OFDM with PTRS correction
Results show that PTRS corrections in the configuration above only help narrow allocations (~ 20 or less) of DFT-s-OFDM. PTRS seems like wasted overhead for medium sized allocations (20-64) and can be detrimental for very wide allocations. Here too there is room for optimization in the field. 
Observation 3: Assuming the phase noise profile of proposal 1, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.
Observation 4: Assuming the phase noise profile of proposal 1, the network is better off not configuring PTRS for allocations wider than 20 RBs. 

The analysis assumed a certain strategy of how the number of PTRS groups must be reduced in keeping with narrower allocations. Specifically, the total number of symbols available per OFDM symbol is 12*LCRB. Of these, Nsampgroup, * NPT-RSgroup symbols are occupied by PTRS symbols. When the latter product gets comparable to the total number of symbols available per OFDM symbol, PTRS starts to represent a significant overhead. It is also self-evident that 4 symbols per group and 8 groups per OFDM symbol is physically impossible to fit into a 2RB allocation. RAN4 must therefore determine this strategy.
Observation 5: Unlike CP-OFDM, it is not clear how to adjust PTRS parameters when the number of symbols in each OFDM symbol (12*LCRB) starts to become comparable to the product Nsampgroup, * NPT-RSgroup.
Summary
Based on observation 2, we can conclude that if there is common understanding about suitable phase noise profiles for UL256QAM, a fixed PTRS configuration is feasible for CP-OFDM.
Proposal 3: Packaged with proposal 1: Adopt K=2, L=1 for CP-OFDM.
Based on observations 3 and 4 however, there seems to be no one-size-fits-all configuration for PTRS for DFT-s-OFDM, even under the simplifying conditions of proposal 1. Moreover, the benefit is limited to narrow allocations where the phase noise impact is naturally better. There seems to no benefit and sometimes an EVM penalty for using PTRS with DFT-s-OFDM.
Proposal 4: RAN4 to consider not specifying PTRS for DFT-s-OFDM for FR2-1 UL256QAM
Proposal 5: If PTRS must be specified for FR2-1 UL256QAM, the following conditions apply prior to MPR estimation: 
1. Packaged with proposal 1, adopt 4 samples/group and 8 groups/OFDM symbol for DFT-s-OFDM for narrow allocations (20 RBs or narrower). 
2. PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
3. RAN4 to agree on PTRS configuration strategy for very narrow allocations (<= 8RB) 
Conclusions
[bookmark: _Hlk503780345]Observation 1: UL256QAM looks infeasible with the ‘Option 2’ profile [WF R4-2303491] even for n257, n258 and n261. 
Proposal 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803 for n257, n258 and n261.
Proposal 2: RAN4 to discuss using the favorable 30 GHz phase noise assumption to establish requirements for any band. Advanced UEs in the future can support in higher bands.
Observation 2: A fixed PTRS configuration of K=2, L=1 benefits EVM for CP-OFDM waveforms with the phase noise profile of proposal 1. 
Proposal 3: Packaged with proposal 1: Adopt K=2, L=1 for CP-OFDM.
Observation 3: Assuming the phase noise profile of proposal 1, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.
Observation 4: Assuming the phase noise profile of proposal 1, the network is better off not configuring PTRS for allocations wider than 20 RBs. 
Observation 5: Unlike CP-OFDM, it is not clear how to adjust PTRS parameters when the number of symbols in each OFDM symbol (12*LCRB) starts to become comparable to the product Nsampgroup, * NPT-RSgroup.
Proposal 4: RAN4 to consider not specifying PTRS for DFT-s-OFDM for FR2-1 UL256QAM
Proposal 5: If PTRS must be specified for FR2-1 UL256QAM, the following conditions apply prior to MPR estimation: 
1. Packaged with proposal 1, adopt 4 samples/group and 8 groups/OFDM symbol for DFT-s-OFDM for narrow allocations (20 RBs or narrower). 
2. PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
3. RAN4 to agree on PTRS configuration strategy for very narrow allocations (<= 8RB) 
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Annex1: 256QAM constellations with phase noise
DFT-s:
	
	Uncorrected
	Corrected

	30 GHz hybrid
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	option 2 [6]
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CP-OFDM:
	
	Uncorrected
	Corrected

	30 GHz hybrid
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	option 2 [6]
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FR2 30G PN profiles
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