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Annex E (normative):
Error Vector Magnitude (FR2-NTN)
E.1	Reference point for measurement
The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in figure E.1-1 below.


Figure E.1-1: Reference point for EVM measurement
[bookmark: _Toc138935116][bookmark: _Toc138838030][bookmark: _Toc131766808][bookmark: _Toc131741274][bookmark: _Toc131596276][bookmark: _Toc124266917][bookmark: _Toc124157513][bookmark: _Toc123717937][bookmark: _Toc123054834][bookmark: _Toc123052365][bookmark: _Toc123049442][bookmark: _Toc115186593][bookmark: _Toc114255913][bookmark: _Toc107475320][bookmark: _Toc107419683][bookmark: _Toc107312099][bookmark: _Toc106783207][bookmark: _Toc90423003][bookmark: _Toc82622156][bookmark: _Toc74663613][bookmark: _Toc67916992][bookmark: _Toc61179690][bookmark: _Toc61179220][bookmark: _Toc53178972][bookmark: _Toc53178521][bookmark: _Toc45893815][bookmark: _Toc44712503][bookmark: _Toc37267896][bookmark: _Toc37260508][bookmark: _Toc36817584][bookmark: _Toc29812032][bookmark: _Toc21127823]E.2	Basic unit of measurement

The basic unit of EVM measurement is defined over one slot in the time domain and  subcarriers in the frequency domain:



where

 is the set of symbols with the considered modulation scheme being active within the slot,


is the set of subcarriers within the  subcarriers with the considered modulation scheme being active in symbol t,

 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,

 is the modified signal under test defined in E.3.
NOTE:	Although the basic unit of measurement is one slot, the equalizer is calculated over 10 ms measurement intervals to reduce the impact of noise in the reference signals. The boundaries of the 10 ms measurement intervals need not be aligned with radio frame boundaries.
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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:

	
where

 is the time domain samples of the signal under test.

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM is measured and the maximum used as described in E.7.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.
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The observation period for determining the frequency offset  shall be 1 slot.
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[bookmark: _Toc138935120][bookmark: _Toc138838034][bookmark: _Toc131766812][bookmark: _Toc131741278][bookmark: _Toc131596280][bookmark: _Toc124266921][bookmark: _Toc124157517][bookmark: _Toc123717941][bookmark: _Toc123054838][bookmark: _Toc123052369][bookmark: _Toc123049446][bookmark: _Toc115186597][bookmark: _Toc114255917][bookmark: _Toc107475324][bookmark: _Toc107419687][bookmark: _Toc107312103][bookmark: _Toc106783211][bookmark: _Toc90423007][bookmark: _Toc82622160][bookmark: _Toc74663617][bookmark: _Toc67916996][bookmark: _Toc61179694][bookmark: _Toc61179224][bookmark: _Toc53178976][bookmark: _Toc53178525][bookmark: _Toc45893819][bookmark: _Toc44712507][bookmark: _Toc37267900][bookmark: _Toc37260512][bookmark: _Toc36817588][bookmark: _Toc29812036][bookmark: _Toc21127827]E.5.1	General

The observation period for determining the sample timing difference shall be 1 slot.



In the following   represents the middle sample of the EVM window of length  (defined in E.5.2) or the last sample of the first window half if is even.


is estimated so that the EVM window of length  is centred on the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the reference signals. To limit time distortion of any transmit filter the reference signals in the 1 outer RBs are not taken into account in the timing estimation

Two values for  are determined:

 and





 where  if  is odd and  if is even.

When the cyclic prefix length varies from symbol to symbol then  shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type.
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[bookmark: _Hlk503533742]Table E.5.2-1 and table E.5.2-2 specify the EVM window length (W) for normal CP for FR2-NTN.
Table E.5.2-1: EVM window length for normal CP, FR2-NTN, 60 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	50
	1024
	72
	36
	50

	100
	2048
	144
	72
	50

	200
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



Table E.5.2-2: EVM window length for normal CP, FR2-NTN, 120 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	CP length in FFT samples 
	EVM window length W
	Ratio of W to total CP length (Note) (%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.
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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-RS subcarriers at or near the edge of the channel, or when the number of available DM-RS subcarriers within a set of contiguously allocated RBs is smaller than the moving average window size, 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)



Figure E.6-1: Reference subcarrier smoothing in the frequency domain
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EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of  slots where  is the number of slots in a 10 ms measurement interval.












For FDD the averaging in the time domain equals the  slot duration of the 10 ms measurement interval from the equalizer estimation step.
[image: ]
-	Where Ni is the number of resource blocks with the considered modulation scheme in slot i.
-	The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:
-	Thus [image: ]  is calculated using [image: ]in the expressions above and [image: ] is calculated using [image: ] in the [image: ] calculation.
-	Thus we get:
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Figure B shows   an   example of 1RB  allocati on   using a   reduced window size   of   five   subcarriers for averaging. The same  method applies   for RB allocation s   with fewer  than 19 subcarriers available for the  moving  average size .  For the case of 2  and   3 RB  allocation s , 11 and 17 a re   the  window size s,   respectivel y.  
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Figure B shows an example of 1RB allocation using a reduced window size of five subcarriers for averaging. The same method applies for RB allocations with fewer than 19 subcarriers available for the moving average size. For the case of 2 and 3 RB allocations, 11 and 17 are the window sizes, respectively.
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