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1.	Introduction
In order to complete all core requirements, the EVM normative annex would need also to be completed.  For FR2 EVM requirement is still required to be settled.  During RAN4#85 meeting EVM level for FR2 was set with a range of values in square brackets with the intension to finalize the full EVM requirements.  For FR2 requirements specifics on the Phase Tracking Reference Signal (PT-RS) will need to be considered as part of the EVM requirement under the equalizer specifics. In this contribution we propose an EVM equalizer that takes into account the common phase error (CPE) and employs PT-RS to estimate and compensate for it.
In a companion contribution [2] a draft CR is proposed to implement these changes.
2.	Discussion
At higher MCS the impact due to PN becomes more severe.  It becomes even more crucial to have any impairments that can be mitigated to be removed prior to the EVM measurement point.  For QPSK and 16 QAM discussions last meeting lead to an agreement that the EVM level can be set to be the same as in FR1.  Considerations of the PT-RS pattern and also the CPE compensation still needs to be considered in order to conclude the EVM level for 64 QAM.  Before further considerations of EVM requirement levels the EVM equalizer and window need to be addressed.  Our analysis have shown that without care taken for the PN aspects, vastly different EVM levels will be captured at the reference measurement point.
The Phase Tracking Reference Signal (PT-RS) is designed to be used for estimating one of the two effects of phase noise which is the CPE. The estimated CPE is afterwards used to compensate for the common phase error that is experienced by all the subcarriers across the allocated band.  The other aspect to consider is the residual after CPE compensation, the ICI, is left unattended such that at low subcarrier spacing and higher carrier frequencies, the performance degradation is significant. It is known that phase noise grows a function of carrier frequency. Given these aspects, the PT-RS is used to compensate for distortions as a results of phase noise and improve signal quality would be essential for determining the EVM requirement.  

EVM measurement reference point occurs after phase correction has taken place, as illustrated in the figure below.  In FR2 a PT-RS is part of the CPE estimation and then compensation.  It therefore makes sense to take care of a defined PT-RS configuration in order to achieve a minimum requirement for CPE estimation and compensation.  If a common PT-RS configuration is not defined, the risk is an EVM level during the measurement could fail the minimum requirement.



Figure E.1-1: Reference point for EVM measurement [2]
2.1 DM-RS and PR-RS for EVM measurement
The following DM-RS and PT-RS patterns shown in Figure 2 are considered for frequency response and CPE estimation which are later used for proper equalization of the symbol used in EVM measurement.  
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Figure 2a: TYPE-1 Pattern front loaded DM-RS (1 DM-RS symbol).
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        Figure 2b: TYPE-1 Pattern with 1+1 DM-RS (2 DM-RS symbol).
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In NR, several PT-RS patterns are supported where each pattern has different density in time (number of occupied OFDM symbols). In Figure 2, only two of the proposed DM-RS patterns are showed. In Figures 2a. and 2b, DR-RS patterns of Type-1 with one and two symbols DM-RSs respectively are shown together with PT-RS patterns of different time densities. Given one of the three PT-RS patterns, a frequency density is chosen on PRB level. That is, PT-RS every PRB or 2nd PRB or 4th … etc. 
An accurate EVM measurement requires good frequency response and CPE estimation performance. In FR2, phase noise is deemed to be the dominant source of RF distortion and therefore the need for CPE compensation is essential. In addition to the RF distortion, higher MCSs, are also sensitive to channel estimation performance at the receiver and therefore requires a denser DM-RS pattern, shown in Figure 2b, compared to lower MCSs, where at low speeds, a single symbol (front loaded only) DM-RS pattern, shown in Figure 2a, is sufficient. Therefore, for a consistent EVM measurement, estimation of the frequency response of the EVM equalizer employing the pattern in Figure 2b, that is a denser DM-RS density of 2 symbols and the densest PR-RS, which is pattern 1, would be sufficient for a more accurate and consistent EVM measurement.   
2.2 Common Phase Error (CPE) Estimation and Compensation
Using the PT-RS pattern desnity suggested in section 2.1, at a minimum the CPE estimation and compensation would need to be considered. First, initial estimate of the complex equalization coefficients (frequency response) need to be obtained using the DMRS symbols. Afterwards, since these estimated coefficients will also contain phase rotation due to the CPE, estimation and compensation of the CPE needs to follow.

Setting the post FFT measured signal at subcarrier  and OFDM symbol time  as

                                                                                            (1)

where
  is the corresponding ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models, 
 is the complex coefficient frequency response of the Tx chain and 
 
 is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time . 

The equalized symbol is therefore given by 

The frequency response coefficients employing the DMRS symbols would then be obtained by 

                                                      (2)

where  is a member of the set of time indices of  OFDM symbols containing DMRS symbols, , and  is a member of the set of subcarriers assigned for DMRS symbols, . Note that the CPE, , is  independent of since it is common to subcarriers. Averaging over DMRS symbols in time would result in the amplitude response as well as the phase response in which the CPE is combined


												(3)


where  is the number of reference symbol time-domain locations, i.e.  and  is the CPE,  averaged over . Smoothing and interpolation steps described in annex F.3.4 of [1] would then result in the equalization coefficients for each subcarreries    and  such that an estimated complex coefficient frequency response given by
         		              (4)

is obtained. Given the above estimate of the complex coefficients containing the CPE, estimate of the CPE can be obtained using the PT-RS symbols. Similar to (2), frequency response (equalization) coefficients at the PT-RS symbols positions is obtained as 
        (5)

where , is the complex frequency response parameters at the PT-RS symbol positions,  is a member of the set of time indices of  OFDM symbols containing PT-RS symbols, , and  is a member of the set of subcarriers assigned for PT-RS symbols, . Estimates of the amplitude and phase responses at the PT-RS positions are then obtained by averaging over time positions of the PTRS symbols 


												      (6)


where  is the number of PT-RS time symbol locations, i.e.  and  is the CPE,  averaged over  such that the CPE phase rotated frequency response can be written as 

.                    (7)

Estimate of the CPE, , at OFDM symbol time, , can then be obtained from the expression 

                                   (8)

where  is complex conjugate of estimate of the frequency response in (4). The equalized symbol after CPE compensation is then given by

                   .                                              (9)

It should be noted depending how how fast the phase noise is varying over time, PT-RS patterns 1, 2 or 4, shown in Figure 1, can be implemented. The denser the PT-RS patter employed, the more accurate the CPE estimation is. For EVM measurement, a more accurate CPE measurement is needed and therefore it would be best to employ PT-RS pattern 1. 
3.	Conclusions
In conclusion, this contribution takes phase noise into account in the design of EVM equalizer for FR2. Phase noise is the dominant source of RF distortion in FR2 and therefore proper CPE estimation and compensation needs to be integrated in the EVM equalizer. DMRS based frequency response estimation is first implemented as proposed in TS 36.104 [1]. Since the estimated frequency response will contain influence of the CPE, the PT-RSs are initially employed to initially determine the frequency response coefficients at the PT-RS positions which are then used to estimate the CPE as proposed by (8). The estimated CPE is then used to derotate the equalized symbol.
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