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1. Introduction
The WID “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” [1] describes the need to “investigate and enable UL 256QAM for FR2-1, including “study the gain, operating SNR, phase noise model and implementation aspects” with UE phase noise profiles having a particular impact on the feasibility of UL 256QAM.
[bookmark: _GoBack]The lower frequency part of the phase noise causes a common phase error (CPE) which affects all the subcarriers within a multicarrier symbol similarly, which allows simple CPE compensation based on PTRS. The higher frequency part of the phase noise causes inter-carrier interference (ICI), which can be mitigated by using higher SCS, while ICI compensation even based on PTRS is much more complex. 
At the RAN4 #106 meeting, there were some contributions [2][3] regarding UL EVM requirement and the use of PTRS processing to calculate the EVM minimizing the effect of CPE due to phase noise in FR2. Also, some contributions [2][4] proposed new phase noise profiles to make UL 256QAM feasible.
In OFDM based systems, CPE causes a constant rotation in the angle of the modulation constellation, and ICI is causing scattering of the constellation points. As shown in some contributions [2][3], CPE cancellation based on PTRS gives good results while leaving the effect of ICI. Therefore, it is the ICI that limits the SNR/EVM achievable, the phase noise profile at frequencies between a tenth of the SCS and the signal bandwidth has then a great importance for the feasibility of UL 256QAM.
The aim of this contributions is to compare the different phase noise profiles proposed at the #106 meeting and to see which ones would allow the support of UL 256QAM and from a testing point of view would allow the common use of data-aided EVM measurements as currently done in 3GPP conformance testing. The reason being that the 38.803 [5] phase noise profiles (“UE example 1” and “UE example 2”) would not allow the data-aided EVM measurement as they would not allow to have an EVM good enough such as the typical 3.5% EVM requirement.
2. Discussion
2.1. [bookmark: _Hlk118570239]EVM determination based on phase noise profile
In this contribution, the SNR/EVM is determined based on the phase noise profile by calculating the phase jitter and converting it to an equivalent SNR/EVM. That approach is different from the common approach [2][3], but as the aim here is to compare the different phase noise profiles proposed between each other while also using as a reference the EVM simulation results for the 38.803 phase noise profiles, we think that method is also relevant. Specifically, it allows to have the improvement brought by the two new phase noise profiles proposed at the #106 meeting compare to the example 1 and example 2 phase noise profiles in the 38.803 TR [5].
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2.2. EVM calculations based on phase jitter
As in the 38.803 [5], the three carrier frequencies are considered: 29.55GHz, 39GHz and 45GHz.
2.2.1. 29.55GHz carrier frequency
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Figure 7- Comparison of simulation results
	Phase noise profile at 29.55GHz
	38_803 Example1 [5]
	38_803 Example2 [5]
	Qualcomm Min
(38_803 Example1,
38_803 Example2) [2] – Option1 [6]
	MediaTek [4] – Option2 [6]

	Fmin used in integration (Hz)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)

	1.00E+03
	26.05
	5.0
	28.2
	3.9
	30.01
	3.2
	28.49
	3.8

	1.00E+04
	28.34
	3.8
	28.5
	3.8
	31.61
	2.6
	30.64
	2.9

	1.00E+05
	28.65
	3.7
	28.6
	3.7
	32.27
	2.4
	30.92
	2.8

	1.00E+06
	29.08
	3.5
	31.9
	2.5
	33.35
	2.2
	31.31
	2.7

	1.00E+07
	33.3
	2.2
	41.6
	0.8
	41.56
	0.8
	35.41
	1.7

	Note: Fmax is fixed to 100MHz in the calculations.


Table 3 - Simulation results for UE example 2 phase noise profile.
Using Min() phase noise profile improves the SNR by about 3.5dB compare to the case of the Example 1 and Example phase noise profiles. The phase noise profile by MediaTek is also giving about 2.5dB improvement of the SNR.
Observation 1: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles allow UL 256QAM to be feasible in terms of phase noise profile.


2.2.2. 39GHz carrier frequency
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Figure 8- Comparison of simulation results – 2nd set of results
	Phase noise profile at 39GHz
	38_803 Example1 [5]
	38_803 Example2 [5]
	Qualcomm Min
(38_803 Example1,
38_803 Example2) [2] – Option1 [6]
	MediaTek [4] – Option2 [6]

	Fmin used in integration (Hz)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)

	1.00E+03
	23.1
	7.0
	25.8
	5.1
	27.3
	4.3
	26.1
	5.0

	1.00E+04
	25.0
	5.6
	26.1
	5.0
	28.7
	3.7
	28.2
	3.9

	1.00E+05
	25.2
	5.5
	26.2
	4.9
	29.3
	3.4
	28.5
	3.8

	1.00E+06
	25.6
	5.3
	29.5
	3.3
	30.3
	3.1
	28.9
	3.6

	1.00E+07
	29.8
	3.3
	39.2
	1.1
	39.2
	1.1
	33.0
	2.2

	Note: Fmax is fixed to 100MHz in the calculations.


Table 3 - Simulation results for UE example 2 phase noise profile.
Using Min() phase noise profile improves the SNR by about 3.5dB compare to the case of the Example 1 and Example phase noise profiles. The phase noise profile by MediaTek is also giving about 2.5dB improvement of the SNR. 
Observation 2: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles seem to allow UL 256QAM to be feasible in terms of phase noise profile.


2.2.3. 45GHz carrier frequency
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Figure 8- 45GHz
	Phase noise profile at 45GHz
	38_803 Example1 [5]
	38_803 Example2 [5]
	Qualcomm Min
(38_803 Example1,
38_803 Example2) [2] – Option1 [6]
	MediaTek [4] – Option2 [6]

	Fmin used in integration (Hz)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)

	1.00E+03
	21.1
	8.8
	24.5
	6.0
	26.0
	5.0
	24.8
	5.7

	1.00E+04
	22.7
	7.3
	24.9
	5.7
	27.4
	4.3
	27.0
	4.5

	1.00E+05
	22.9
	7.2
	24.9
	5.7
	27.9
	4.0
	27.3
	4.3

	1.00E+06
	23.2
	6.9
	28.3
	3.8
	29.0
	3.6
	27.7
	4.1

	1.00E+07
	27.3
	4.3
	37.9
	1.3
	37.9
	1.3
	31.8
	2.6

	Note: Fmax is fixed to 100MHz in the calculations.


Table 3 - Simulation results for UE example 2 phase noise profile.
Using Min() phase noise profile improves the SNR by about 3.5dB compare to the case of the Example 1 and Example phase noise profiles. The phase noise profile by MediaTek is also giving about 2.5dB improvement of the SNR.
Observation 3: No phase noise profile among the ones proposed makes the EVM 3.5% requirement for UL 256QAM achievable and so would unlikely make actual UL 256QAM feasible.



Observation 4: The phase noise profiles proposed during RAN4 #106 allow the feasibility of UL 256QAM at 29GHz and 39GHz, a 3.5% EVM requirement for UL 256QAM FR2-1 is possible and so it allows the use non-data aided EVM without the risk of underestimation.
Proposal 1: EVM requirement for UL 256QAM FR2-1 allows the use non-data aided EVM without the risk of underestimation. The definition of i(v)as the “ideal signal reconstructed by the measurement equipment” in the 38.101-2 should be also applicable to UL 256QAM FR2-1 as it is the case for lower order UL modulations.
3. Conclusion
Based on the discussion above, the following can be noted:
Observation 1: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles allow UL 256QAM to be feasible in terms of phase noise profile.
Observation 2: Both the Min(38_803 Example1,38_803 Example2) from Qualcomm and MediaTek phase noise profiles seem to allow UL 256QAM to be feasible in terms of phase noise profile.
Observation 3: No phase noise profile among the ones proposed makes the EVM 3.5% requirement for UL 256QAM achievable and so would unlikely make actual UL 256QAM feasible.
Observation 4: The phase noise profiles proposed during RAN4 #106 allow the feasibility of UL 256QAM at 29GHz and 39GHz, a 3.5% EVM requirement for UL 256QAM FR2-1 is possible and so it allows the use non-data aided EVM without the risk of underestimation.
Proposal 1: EVM requirement for UL 256QAM FR2-1 allows the use non-data aided EVM without the risk of underestimation. The definition of i(v)as the “ideal signal reconstructed by the measurement equipment” in the 38.101-2 should be also applicable to UL 256QAM FR2-1 as it is the case for lower order UL modulations.
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5. Annex 1 – 38-803 Example 1 Phase Noise Profile
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	PSD0
	1585 (32dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	5.50E+05
	2.7
	1.54E+06
	3.3

	3
	2.80E+08
	2.53
	3.00E+07
	1


Table 3 – 29.55GHz.

	PSD0
	2760.85 (34.4dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	4.99E+05
	2.7
	1.54E+06
	3.3

	3
	3.90E+08
	2.53
	3.00E+07
	1


Table 3 – 39GHz.

	PSD0
	3675 (35.65dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	4.51E+05
	2.7
	1.54E+06
	3.3

	3
	4.58E+08
	2.53
	3.00E+07
	1


Table 3 – 45GHz.


6. Annex 2 – 38-803 Example 2 Phase Noise Profile
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	PSD0
	1585

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	5.50E+05
	2.7
	1.54E+06
	3.3

	3
	2.80E+08
	2.53
	3.00E+07
	1


Table 3 – 29.55GHz.
	PSD0
	2760.85

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	4.99E+05
	2.7
	1.54E+06
	3.3

	3
	3.90E+08
	2.53
	3.00E+07
	1


Table 3 – 39GHz.
	PSD0
	3675

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	4.51E+05
	2.7
	1.54E+06
	3.3

	3
	4.58E+08
	2.53
	3.00E+07
	1


Table 3 – 45GHz.


7. Annex 3 – Phase Noise Profile proposed by MediaTek
Only the 45GHz phase noise profile was documented in the contribution [4] from MediaTek, the phase noise profiles have been extrapolated adding an offset to PSD0 proportional to (20xLOG10(Fc/45GHz)) i.e. like if only a divider was used to reduce the frequency, and so just shift down the phase noise profile.
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	PSD0
	860.4 (29.35dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	5.50E+05
	2.7
	1.60E+06
	3.3

	3
	2.80E+08
	2.53
	3.00E+07
	1


Table 3 – 29.55GHz.

	PSD0
	1498.7 (31.76dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	5.50E+05
	2.7
	1.60E+06
	3.3

	3
	2.80E+08
	2.53
	3.00E+07
	1


Table 3 – 39GHz.

	PSD0
	1995.3 (33dB)

	n,m
	fz,n
	Alpha z,n
	fp,m
	Alpha p,m

	1
	3.00E+03
	2.37
	1
	3.3

	2
	5.50E+05
	2.7
	1.60E+06
	3.3

	3
	2.80E+08
	2.53
	3.00E+07
	1


Table 3 – 45GHz.
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Inthis-subclause, we utilize the PLL-based phase noise:model to-express the phase noise. To-be-specific, the PSD-of the'
phase noise-is characterized by
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. - PSDO = FOM + 20log f. — 10log (#)-(dB) - (6.1.11.2-3)

FOMis the figure-of merit, f; is the carrier-frequency-and:Pis the-consumed-power. Considering the expectation for the*
phase noise level achievable with reasonable cost-and power consumption as presented-above, inthis example the
following parameters are suggested-for the phase noise'model at the UE(CMOS-based)-and BS (GaAs-based) side,"
respectively (see'6.1.11-1). The PSD of the proposed-phase noise models at both UE and-BS ‘side-for 30-GHz-are-
depictedin Figure:6.1.11.2-1§
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