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<Start of modified section>
6.5.2
Modulation quality

6.5.2.1
General

Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. Details about how the EVM is determined are specified in Annex B.

For BS type 1-C this requirement shall be applied at the antenna connector supporting transmission in the operating band.

For BS type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating band.
6.5.2.2
Minimum Requirement for BS type 1-C and BS type 1-H
For BS type 1-C and 1-H, the EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 6.5.2.2-1 shall be met using the frame structure described in subclause 6.5.2.3.

Table 6.5.2.2-1: EVM requirements for BS type 1-C and BS type 1-H carrier

	Modulation scheme for PDSCH
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


6.5.2.3
EVM frame structure for measurement

EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes. Different modulation schemes listed in table 6.5.2.2-1 shall be considered for rank 1.

For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.

<Next of modified section>
9.6.2
OTA modulation quality

9.6.2.1
General

Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). Details about how the EVM is determined are specified in Annex B for FR1 and Annex C for FR2.

OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.

<Next of modified section>
B.6
Estimation of TX chain amplitude and frequency response parameters

The equalizer coefficients [image: image1.wmf])

(

~

f

a

and [image: image2.wmf])

(

~

f

j

 are determined as follows:

1.
Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: image3.wmf])
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, for each reference symbol, over 10 subframes. This process creates a set of complex ratios:
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Where the post-FFT Ideal signal [image: image6.wmf])
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 is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: restricted content: i.e. nominal Reference Signal, (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 10 subframes. Prior to the averaging of the phases [image: image7.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: image8.wmf](
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 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 symbol time-domain locations ti from Z’(f,t) for each reference signal subcarrier [image: image11.wmf]f

.

3.
The equalizer coefficients for amplitude and phase [image: image12.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: image14.wmf])
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 to compute coefficients [image: image16.wmf])
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 for each subcarrier.

[image: image18.emf] 

The subsequent 7  subcarriers are averaged  over 5, 7 .. 17 subcarriers  

From the 10 th   subcarrier onwards the  window size is 19 until  the upper edge of the  channel is reached an d  the window size  reduces back to 1  

The first  reference  subcarrier  is not  averaged  

The second  reference  subcarrier is the  average of the  first three  subcarriers  

Reference subcarriers  


[Figure B.6-1: Reference subcarrier smoothing in the frequency domain]
<Next of modified section>
C.6
Estimation of TX chain amplitude and frequency response parameters

The equalizer coefficients [image: image19.wmf])
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 are determined as follows:

1.
Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: image21.wmf])
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 and the post-FFT Ideal signal [image: image22.wmf])
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, for each reference symbol, over 10 subframes. This process creates a set of complex ratios:
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Where the post-FFT Ideal signal [image: image24.wmf])
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 is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: restricted content: i.e. nominal Demodulation Reference.

2.
Perform time averaging at each reference signal subcarrier of the complex ratios, the time-averaging length is [10 subframes]. Prior to the averaging of the phases [image: image25.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: image26.wmf](
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 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 symbol time-domain locations ti from Z’(f,t) for each reference signal subcarrier [image: image29.wmf]f

.

3.
The equalizer coefficients for amplitude and phase [image: image30.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 C.6-1.
4.
Perform linear interpolation from the equalizer coefficients [image: image32.wmf])
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 for each subcarrier. To account for the common phase error (CPE) experienced in millimetre wave frequencies, [image: image37.png]o(f)



, in the estimated coefficients contain phase rotation due to the CPE, [image: image39.png]


, in addition to the phase of the equalizer coefficient [image: image41.png]


, that is
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For OFDM symbols where PT-RS does not exist, [image: image44.png]8(t)



 can be estimated by performing linear interpolation from neighboring symbols where PT-RS is present.


In order to separate component of the CPE,[image: image46.png]


, contained in, [image: image48.png]o(f)



, estimation and compensation of the CPE needs to follow.[image: image50.png]8(t)



 is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time [image: image52.png]


.

Estimate of the CPE, [image: image54.png]8(t)



, at OFDM symbol time, [image: image56.png]


, can then be obtained from using the PT-RS employing the expression
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In the above equation, [image: image59.png]


 is the set of subcarriers where PT-RS are mapped, [image: image61.png]t e tPre
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 is the set of OFDM symbols where PT-RS are mapped while [image: image65.png]
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 are is the post-FFT acquired signal and the ideal PT-RS signal respectively. That is, estimate of the CPE at a given OFDM symbol is obtained from frequency correlation of the complex ratios at the PT-RS positions with the conjugate of the estimated equalizer complex coefficients. The estimated CPE can be subtracted from [image: image69.png]


 to remove influence of the CPE, and obtain estimate of the complex coefficient’s phase
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[Figure C.6-1: Reference subcarrier smoothing in the frequency domain]
<End of modified section>

