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[bookmark: _Toc13079979][bookmark: _Toc29811468][bookmark: _Toc29811919]B.6	Estimation of TX chain amplitude and frequency response parameters
The equalizer coefficients [image: ]and [image: ] are determined as follows:
1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: ] and the post-FFT ideal signal [image: ], for each reference signal, over 10ms measurement interval. This process creates a set of complex ratios:
	[image: ]
	Where the post-FFT ideal signal [image: ] 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: ] an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of [image: ] 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).
	[image: ]
	[image: ]
	Where N is the number of reference signal; time-domain locations ti from  for each reference signal subcarrier [image: ].
3.	The equalizer coefficients for amplitude and phase [image: ] and [image: ] 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 and averaging is over the DM-RS subcarriers in the allocated RBs. For DM-RS reference signal subcarriers at or near the edge of channel or the edge of a set of contiguously allocated RBs or when the allocation size is smaller than the moving average window, of the channel the window size is reduced accordingly as per figure B.6-1.
4.	Perform linear interpolation from the equalizer coefficients [image: ] and [image: ] to compute coefficients [image: ], [image: ] for each subcarrier.
[image: ] The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers
From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and 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
Reference subcarriers
The first reference subcarrier on left is not averaged
The second reference subcarrier is the average of the three subcarriers on left
The third  reference  subcarrier is the average of the first five subcarriers on left
The first reference subcarrier on right is not averaged
1. Moving averaging at channel edge
1. Moving averaging for the case of number of reference subcarrier is smaller than moving average window size
The second from right is the average of the three subcarriers on right
The third from right is the average of the five subcarriers on right

Figure B.6-1: Reference subcarrier smoothing in the frequency domain

<unchanged text omiitted>

[bookmark: _Toc13079989][bookmark: _Toc29811478][bookmark: _Toc29811929]C.6	Estimation of TX chain amplitude and frequency response parameters
The equalizer coefficients [image: ]and [image: ] are determined as follows:
1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: ] and the post-FFT ideal signal [image: ], for each reference signal, over 10ms measurement intervals. This process creates a set of complex ratios:
	[image: ]
	Where the post-FFT ideal signal [image: ] is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters:
-	nominal demodulation reference signals and nominal PT-RS if present (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: ] an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of [image: ] 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).	

	Where N is the number of reference signal time-domain locations ti from  for each reference signal subcarrier [image: ].
3.	The equalizer coefficients for amplitude and phase [image: ] and [image: ] 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 and averaging is over the DM-RS subcarriers in allocated RBs. For DM-RSreference signal subcarriers at or near the edge of channel or the edge of a set of contiguously allocated RBs or when the allocation size is smaller than the moving average window, of the channel the window size is reduced accordingly as per figure C.6-1.
4.	Perform linear interpolation from the equalizer coefficients [image: ] and [image: ] to compute coefficients [image: ], [image: ] for each subcarrier. To account for the common phase error (CPE) experienced in millimetre wave frequencies, , in the estimated coefficients contain phase rotation due to the CPE, , in addition to the phase of the equalizer coefficient , that is

	For OFDM symbols where PT-RS does not exist,  can be estimated by performing linear interpolation from neighboring symbols where PT-RS is present.

	In order to separate component of the CPE,, contained in, , estimation and compensation of the CPE needs to follow. is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time .
	Estimate of the CPE, , at OFDM symbol time, , can then be obtained from using the PT-RS employing the expression


	In the above equation,  is the set of subcarriers where PT-RS are mapped,  where   is the set of OFDM symbols where PT-RS are mapped while  and  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  to remove influence of the CPE, and obtain estimate of the complex coefficient’s phase
(t)

[bookmark: _MON_1354977729][bookmark: _MON_1417454025][image: ]
The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers
From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and 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
Reference subcarriers
The first reference subcarrier on left is not averaged
The second reference subcarrier is the average of the three subcarriers on left
The third  reference  subcarrier is the average of the first five subcarriers on left
The first reference subcarrier on right is not averaged
1. Moving averaging at channel edge
1. Moving averaging for the case of number of reference subcarrier is smaller than moving average window size
The second from right is the average of the three subcarriers on right
The third from right is the average of the five subcarriers on right

Figure C.6-1: Reference subcarrier smoothing in the frequency domain
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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  


