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Introduction
As part of an UL EVM requirement for 256QAM, RAN4 need to establish a PTRS configuration. In this contribution, we discuss the trade-off between configuring PTRS and impact on throughput. 
Discussion
The problem with PTRS 
In [4] we identified that PTRS is a heavy burden on the network because it displaces data. For example, one proposal for CP OFDM (K=2, L=1) [1] is a flat 4% reduction in UL capacity. 4% is the approximate spectral efficiency jump between neighboring MCS. Consequently, the proposed PTRS configuration is equivalent to a regression of 1 MCS.
This penalty would be understandable if there was a complementary receive side benefit. Unfortunately, prior work [2] has shown that there is only fractional dB improvement, if that, in UE EVM for at least some of the agreed phase noise profiles [5]. Further, as is commonly understood, UE EVM itself is a sub dB contributor to the overall receiver impairment at the gNB. So, for some UEs, the improvement (if any) due to PTRS manifests as a vanishingly small improvement in SNR at the gNB receiver, despite the large overhead.  
Observation 1: PTRS overhead cannot be justified for UL256QAM for many UEs.
Another important consideration is continuity with existing practice – PTRS is not required to be configured for Rel-17 UL waveforms (no 256QAM). 
Observation 2: An FR2-1 UE is expected to comply with Tx signal quality requirements for BPSK, QPSK, 16QAM and 64QAM without any PTRS configured for UL. 
IT is however recognized that some implementations can benefit from PTRS use in a way that justifies the overhead. A potential resolution to balance these conflicting motivations is for the network to assume as a default condition that the UE does not need PTRS for UL for 256QAM, and if the UE needs PTRS to meet Tx signal quality requirements, it can indicate so via capability signaling. 
The variable effectiveness of PTRS has been foreseen by RAN1, and RAN2 signalling already exists (PTRS-DensityRecommendationSetUL) to allow a UE to convey to the network its PTRS preferences in terms of preferred MCS/BW thresholds. Unless there is a better solution, it behoves RAN4 to use the existing signaling framework.
Proposal 1: UE uses existing signaling PTRS-DensityRecommendationSetUL, to convey need for PTRS to ensure compliance. 
PTRS configuration for CP-OFDM
This discussion on PTRS configuration for CP-OFDM was limited to just the need for capability [5], the configuration seems to have converged if PTRS were indeed configured:
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Combined with Proposal 1 above, the PTRS configuration for FR2.1 UEs is proposed below:
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]Proposal 2: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements (i.e., no PTRS is configured for the UE when it does not indicate need for PTRS.)
PTRS configuration for DFT-s-OFDM
Proposal 2 takes the following form for DFT-s-OFDM:
Proposal 3: PTRS is configured for DFT-s-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements (i.e., no PTRS is configured for the UE when it does not indicate need for PTRS.)
This discussion on PTRS configuration remains open for DFT-s-OFDM in [5], captured as:
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The allocation sensitivity of corrections was studied in [2] and reproduced here for convenience:
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 . The phase noise profile is of the form min(example1@30, example2@30).
	‘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 is wasted overhead for medium sized allocations (20-64) and can be detrimental for very wide allocations on top of the overhead detriment. 
Observation 3: Assuming one of the approved phase noise profiles, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.
Observation 4: Assuming one of the approved phase noise profiles, the network is better off not configuring PTRS for allocations wider than 20 RBs. 
We have also brought to attention the problem of scalability of corrections for DFT-s-OFDM [2]. Reproduced:
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.
One technique is to taper the number PT-RS groups so the data overhead is limited to some value. Since the problem only manifests for low number of RBs, it may only be academically relevant for 256QAM. This means RAN4 could adopt a relaxed position on max. allowable overhead, for example 50% or even 100for narrow allocations. Note that < 100% overhead means number of PTRS symbols never exceed the number of data symbols. Based on observations above, 
Proposal 4: For FR2-1 UL with DFT-s-256QAM, the following PTRS configuration is established for UEs that signal they need PTRS to meet Tx signal quality requirements: 
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. the PTRS configuration strategy for very narrow allocations (<= 8RB)  is to maximize the number of PT-RS groups while ensuring that the number of data symbols > number of PT-RS symbols.
MPR 
From a system perspective this feature is viable only if the enabling conditions are sufficiently frequent in the targeted deployment scenarios. One strong contributing parameter is the EIRP dynamic range of the UE. As has been captured right from the beginning of this WI, there is strong pressure from electronics feasibility to contract the EIRP range at both ends. Consequently, the relevant proposal in [3] (prop 2) is worth retaining, and if necessary developing. 
Another consideration for MPR specification is UE feasibility. This WI is limited to FWA devices which are assumed to have wall power and are typically free of the onerous power consumption constraints applied to handheld UEs. The twin benefactors of the limitation to FWA devices are PA linearity as well as in a limited sense, phase noise. Unless there is an express desire to limit FWAs to use handheld UE-quality devices, it is not unreasonable to expect mild hardware uprating for this advanced high throughput feature.
We therefore think MPR guard rails motivated by system-viability are appropriate:
Proposal 5: The MPR for UL 256 QAM shall not exceed that of 64QAM by more than 3 dB.


Conclusions
[bookmark: _Hlk503780345]Observation 1: PTRS overhead cannot be justified for UL256QAM for many UEs.
Observation 2: An FR2-1 UE is expected to comply with Tx signal quality requirements for BPSK, QPSK, 16QAM and 64QAM without any PTRS configured for UL. 
Proposal 1: UE uses existing signaling PTRS-DensityRecommendationSetUL, to convey need for PTRS. 
Proposal 2: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements (i.e., no PTRS is configured for the UE when it does not indicate need for PTRS.)
Proposal 3: PTRS is configured for DFT-s-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements (i.e., no PTRS is configured for the UE when it does not indicate need for PTRS.)
Observation 3: Assuming one of the approved phase noise profiles, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.
Observation 4: Assuming one of the approved phase noise profiles, 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: For FR2-1 UL with DFT-s-256QAM, the following PTRS configuration is established for UEs that signal they need PTRS to meet Tx signal quality requirements: 
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. the PTRS configuration strategy for very narrow allocations (<= 8RB)  is to maximize the number of PT-RS groups while ensuring that the number of data symbols > number of PT-RS symbols.

Proposal 5: The MPR for UL 256 QAM shall not exceed that of 64QAM by more than 3 dB.
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Issue 2-2-1b: PTRS configuration for EVM test for CP-OFDM

* Proposals
o Option 1: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM.

o Option 2: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM when UEs declare they need
PTRS to meet Tx signal quality requirements, FFS how UEs declare whether they need PTRS or not.
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o Proposals

 Option 1: PTRS is not configured for all RBs aflocation.

© Option 2: The following PTRS configuration is established for UES that declare they need PTRS to meet Tx
signal qualify requirements:

“FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or
aarrower). (Companies are expected to submit related simulation results for narrow RBs
allocations to further evaluate whether or which PTRS configuration adopt)

“PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
“FFS how UES declare whether they need PTRS or aot
 Option 3: The following PTRS configuration is estabished:
“FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or
aarrower). (Companies are expected to submit related simulation results for narrow RBs
allocations to further evaluate whether or which PTRS configuration adopt)

“PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.




