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1 Introduction
PTRS configuration for EVM measurement was discussed during the last RAN4 meeting, some issues on UE capability and how PTRS work are raised. Phase noise was discussed a lot during NR rel-15 in both RAN1 and RAN4, the PN model for BS and UE has been studied and the agreements are recoded in TR 38.803 for FR2. Considering the impact of high phase noise caused by ultra high mmwave frequency, PTRS is introduced in NR and defined mandatory for FR2. 

This paper provides the retrospect on phase noise model and PTRS introduction, and also provides proposals on the PTRS configuration for FR2 RMC. 
2 Discussion
2.1 Introduction of PTRS in NR
Since mmwave devices suffer from severe phase noise due to frequency oscillators, the study on phase noise model is processed in RAN1 and RAN4. The impact of phase noise on FR2 is captured in [1] as:
1. PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)

2. PN is inversely proportional to the square of the loaded quality factor of the resonator, Q

3. 1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)

The phase noise generated in the frequency oscillator destroys the orthogonally of subcarriers in OFDM, the common pahse error(CPE) will cause a constant rotation angle of the modulation constellation, and ICI will cause scattering of the constellation points. Therefore, NR introduces phase tracking reference signal(PTRS) to track the phase distortion due to phase noise, however, PTRS is generally considered mainly for compensating CPE, thus ICI can be mitigated after CPE is compensated. 

Observation 1:PTRS is introduced in NR for compensating the CPE which generated mainly by frequency oscillators.
2.2 PN model for FR2 in TR 38.803
TR 38.803 captures two PN models for FR2 based on typical PLL noise theory. It can simply summarized with the PLL architecture as in Fig1.
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Fig 1. (Left) Typical PLL architecture (Right) equivalent phase model for PLL
Considering the noise of each part of PLL(e.g. VCO, frequency divider, phase detector..), the total PLL phase noise model can be described as model 2 in TR 38.803[1]:
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Where
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In the equation, Sref(f), SPLL(f) and SVCO(f) are phase noise components of reference clock, Loop components and VCO. The dominated factor varies with the loop bandwidth. The total PSD STot(f) can be constructed by summing these sub-components together with including the loop filter.
It also can be simply shown as in Fig 2 with different implementation:
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Fig 2. Total phase noise of PLL[2]
TR 38.803 also provides another PN model with multi-pole/zero as below:
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From PLL design perspective, these two models are both based on the essence of phase noise generating. 
Observation 2: The phase noise of the PLL is already studied in NR and PN model has been captured in TR 38.803 with two options.
2.3 PTRS configuration in the current spec for throughput
Uplink PTRS is defined as one of the Layer-1 UE features, it can be seen in Fig 3. For FR2, UL PTRS is specified as mandatory with capability. For FR1, it is optional with capability. Which means PTRS is indispensable for FR2. The issue is similar for DL PTRS.
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Fig 3. UL PTRS UE capability
During demodulation requirement definition, PTRS is considered as highly important feature, it is configured as FR2 RMC for both uplink and downlink in TS 38.104 and TS 38.101-4 although it is mandatory with capability. 
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Fig 4. Uplink PTRS configuration in TS 38.104 for PUSCH
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Fig 5. Downlink PTRS configuration in TS 38.104 for PUSCH
Observation 3: PTRS on FR2 is highly important feature to avoid performance loss, it is already specified in TS 38.104 and TS 38.101-4 for PUSCH and PDSCH test.

EVM is the RF requirement which is measured after demodulating procedure, which can be seen as in Fig 6, while demodulating is highly related with PTRS which is mentioned above:
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Figure F.1-1: EVM measurement points.





Fig 6. EVM measurement is related to demodulation procedure

According to the analysis above, we recognized that PTRS configuration is important for FR2 to ensure the performance mitigating. Therefore, EVM RMC shall be defined with PTRS configuration which can be based on UE capability. We believe it can help UEs to support PTRS as really mandatory feature which make FR2 more mature.
Proposal 1: Introducing uplink PTRS configuration for FR2 RF requirement RMC.
Proposal 2: The uplink PTRS configuration for FR2 RF requirement RMC shall be defined as below:
	PTRS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1

	
	maxNrofPorts
	1

	
	PTRS epre-Ratio
	0

	
	Sample density
	See table 6.2.3.2-1 of TS 38.214

	
	timeDensityTransformPrecoding
	d1 defined in TS 38.214


3 Conclusion

In this contribution we discussed on PTRS configuration, according to the analysis, we have the following proposals:
Observation 1:PTRS is introduced in NR for compensating the CPE which generated mainly by frequency oscillators.
Observation 2: The phase noise of the PLL is already studied in NR and PN model has been captured in TR 38.803 with two options.

Observation 3: PTRS on FR2 is highly important feature to avoid performance loss, it is already specified in TS 38.104 and TS 38.101-4 for PUSCH and PDSCH test.

Proposal 1: Introducing uplink PTRS configuration for FR2 RF requirement RMC.
Proposal 2: The uplink PTRS configuration for FR2 RF requirement RMC shall be defined as below:

	PTRS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1

	
	maxNrofPorts
	1

	
	PTRS epre-Ratio
	0

	
	Sample density
	See table 6.2.3.2-1 of TS 38.214

	
	timeDensityTransformPrecoding
	d1 defined in TS 38.214
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