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1 Introduction
in RAN4#98e, the IAB-MT is discussed and following agreements are states in WF[1]:
Issue 1-3: Should PTRS be used for IAB-MT EVM measurement?
Follow BS approach to configure PTRS in FR2 with optional.
Further discuss the test model and how to the clarify the optional in conformance specification if needed 

FR1 BS approach adaption for IAB-MT

· B.6 Estimation of TX chain amplitude and frequency response parameters

 
FFS BS approach or UE approach should be used in next meeting.
In this paper, we present our view on the EVM procedure which should be captured in the TS 38.174.
2 Discussion
The UE equalizer coefficients is specified in TS 38.101-1/2: 

In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients  and   used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.
IN 38.521-1/2, the CP-OFDM equalizer is referred to annex E.5 for PUCCH calculation:

The nominal reference symbols and nominal OFDM data symbols are used to equalize the measured data symbols.

Note: (The nomenclature inside this note is local and not valid outside)

The nominal OFDM data symbols are created by a demodulation process. A demodulation process as follows is recommended:

1. Equalize the measured OFDM data symbols using the reference symbols for equalisation. Result: Equalized OFDM data symbols

2. Decide for the nearest constellation point, however not independent for each subcarrier in the RB. 12 constellation points are decided dependent, using the applicable CAZAC sequence. Result: Nominal OFDM data symbols

At this stage we have an array of Measured data-Symbols and reference-Symbols (MS(f,t))

versus an array of Nominal data-Symbols and reference Symbols (NS(f,t))

The arrays comprise in sum 14 data and reference symbols, depending on the PUCCH format, in the time axis and the number of allocated sub-carriers in the frequency axis.

MS(f,t) and NS(f,t) are processed with a least square (LS) estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f)
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With * denoting complex conjugation.

EC(f) are used to equalize the OFDM data together with the demodulation reference symbols by:


Z’(f,t) = MS(f,t) . EC(f)

Observation-1: The UE equalizer coefficient is calculated with both data and reference data and average per time slot and per allocated subcarrier.
In TS 38.104 annex B3, the equalizer coefficient is related to annex B.6 for FR1 and annex C.6 for FR2. For comparison purpose, annex B.6 is quoted as below:

The equalizer coefficients [image: image2.wmf])
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 are determined as follows:

1.
Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: image4.wmf])
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 and the post-FFT ideal signal [image: image5.wmf])
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, for each reference signal, over 10ms measurement interval. This process creates a set of complex ratios:
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Where the post-FFT ideal signal [image: image7.wmf])
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 is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: i.e. nominal demodulation reference signals, (all other modulation symbols are set to 0 V), nominal carrier frequency,  nominal amplitude and phase for each applicable subcarrier, nominal timing.

2.
Perform time averaging at each reference signal subcarrier of the complex ratios, the time-averaging length is 10ms measurement interval. Prior to the averaging of the phases [image: image8.wmf](
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 an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of [image: image9.wmf](

)

f

t

i

,

j

 by adding multiples of 2*PI when absolute phase jumps between consecutive time instances ti are greater than or equal to the jump tolerance of PI radians. This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every second subcarrier).
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Where N is the number of reference signal; time-domain locations ti from [image: image13.png]Z'(t, )



 for each reference signal subcarrier [image: image14.wmf]f
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3.
The equalizer coefficients for amplitude and phase [image: image15.wmf])
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 at the reference signal subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers, i.e. every second subcarrier. The moving average window size is 19. For reference signal subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure B.6-1.

4.
Perform linear interpolation from the equalizer coefficients [image: image17.wmf])
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 to compute coefficients [image: image19.wmf])
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 for each subcarrier.

Strictly speaking the definition of the equalizer coefficient directly as [image: image21.wmf])
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 is not correct, it is channel estimation as the EVM definition in B.3 defines the modified signal as inverse of the [image: image24.png]a(f) - e/



,  B.6 is the procedure to determine the channel estimation and equalizer is inverse of the channel estimation which is zero-forcing equalizer and zero-forcing equalizer brings down the ISI to zero in a noise free sense.
Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalized and decoded according to:
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Annex B.6 in TS 38.104 can be seen as an optimal procedure to improve the channel estimation, while in UE equalizer coefficient calculation, it uses the Least Square estimation. The channel estimation only uses the reference signal in BS equalizer calculation. 
Observation-2: The BS equalizer coefficient is the same zero-forcing equalizer as UE equalizer. The derivation of the equalizer is different, BS only use reference signal and optimize the phase and amplitude response selectively and UE use both data and reference signal and use the least square estimation.
As the UE and BS both zero-forcing equalizer and channel estimation is optimized differently, they should be both usable for the EVM test depending on BS test environment or UE test environment is used. As WF [1] agrees, only CP-OFDM is tested for EVM so in the TS 38.174, this should be reflected.

Proposal-1:  Apply both BS EVM procedure or UE EVM procedure with CP-OFDM only to IAB-MT EVM procedure.
 PTRS signal:
In current TS 38.521-2, the PTRS signal is not configured in DL reference signal for UE test. PTRS signal is neither present in the UL RMC. UE needs to comply the EVM requirement without the PTRS signal. There is no corresponding EVM test procedure when PTRS signal is configured for UE test. 
In BS TS 38.104 demodulation conformance test, the PTRS can be configured in Table 11.2.2.1.1-1 (Test parameters for testing PUSCH). There is corresponding declaration for the PTRS support:
	D.106
	PUSCH PT-RS 
	Declaration of PT-RS in PUSCH support: without PT-RS, with PT-RS or both.


The optional PTRS configuration should be interpreted with the manufacture declaration. In the case where manufacture declare without PT-RS signal, both BS and UE EVM procedure can be used. When manufacture declare with PT-RS only, BS EVM procedure should be used. 
Proposal-2: Use the declaration D.106 to support the optional configuration of the PTRS signal in test model.
3 Conclusion

In this paper, we present our view on the EVM procedure which should be captured in the TS 38.174 with below proposals:
Observation-1: The UE equalizer coefficient is calculated with both data and reference data and average per time slot and per allocated subcarrier.
Observation-2: The BS equalizer coefficient is the same zero-forcing equalizer as UE equalizer. The derivation of the equalizer is different, BS only use reference signal and optimize the phase and amplitude response selectively and UE use both data and reference signal and use the least square estimation.
Proposal-1:  Apply both BS EVM procedure or UE EVM procedure with CP-OFDM only to IAB-MT EVM procedure.

Proposal-2: Use the declaration D.106 to support the optional configuration of the PTRS signal in test model.
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