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Introduction
Draft TS skeleton for Non-terrestrial networks (NTN) related to NR; Satellite Access Node radio transmission and reception (TS 38.108) has been approved in R4-2203087 [1] and the work split has been summarized in R4-2203080 Way Forward on NTN_solutions_Part1 [2] approved in RAN4 101-bis-e meeting. For further information, please also follow the discussions in R4-2203111 [3].

In this document, following changes have been proposed as a TP to update TS 38.108: 
· Annex B (normative): Error Vector Magnitude (FR1)
Reference 
[1] R4-2203087 Skeleton for TS 38.108 NR Satellite Access Node radio transmission and reception v0.0.1, THALES.
[2] R4-2203080 Way Forward on NTN_solutions_Part1, THALES.
[3] R4-2203111 Email discussion summary for [101-bis-e][306] NTN_Solutions_Part1, THALES.
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[bookmark: _Toc93555123]Annex B (normative):
Error Vector Magnitude (FR1)
[bookmark: _Toc21127812][bookmark: _Toc29812021][bookmark: _Toc36817573][bookmark: _Toc37260497][bookmark: _Toc37267885][bookmark: _Toc44712492][bookmark: _Toc45893804][bookmark: _Toc53178510][bookmark: _Toc53178961][bookmark: _Toc61179209][bookmark: _Toc61179679][bookmark: _Toc67916981][bookmark: _Toc74663602][bookmark: _Toc82622145][bookmark: _Toc90422992]B.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 B.1-1 below.
The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in figure B.1-1 below.


Figure B.1-1: Reference point for EVM measurement

B.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
T 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 annex B.3.
NOTE:	Although the basic unit of measurement is one slot, the equalizer is calculated over 10 ms measurement interval 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.
B.3	Modified signal under test
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 annex B.7.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.

B.4	Estimation of frequency offset

The observation period for determining the frequency offset  shall be 1 slot.
B.5	Estimation of time offset
B.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 W (defined in annex B.5.2) or the last sample of the first window half if W is even.

is estimated so that the EVM window of length W is centred on the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on demodulation 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 W is odd and  if W is even.
When the cyclic prefix length varies from symbol to symbol then T shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type.
B.5.2	Window length
Table B.5.2-1, B.5.2-2, B.5.2-3 specify the EVM window length (W) for normal CP.
Table B.5.2-1: EVM window length for normal CP, FR1, 15 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	CP length for symbols 1‑6 and 8-13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑6 and 8-13 (Note) (%)

	5
	512
	36
	14
	40

	10
	1024
	72
	28
	40

	15
	1536
	108
	44
	40

	20
	2048
	144
	58
	40

	NOTE:	These percentages are informative and apply to a slot's symbols 1 to 6 and 8 to 13. Symbols 0 and 7 have a longer CP and therefore a lower percentage.



Table B.5.2-2: EVM window length for normal CP, FR1, 30 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	CP length for symbols 1‑13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑13 (Note) (%)

	5
	256
	18
	8
	40

	10
	512
	36
	14
	40

	15
	768
	54
	22
	40

	20
	1024
	72
	28
	40

	NOTE:	These percentages are informative and apply to a slot's symbols 1 through 13. Symbol 0 has a longer CP and therefore a lower percentage.



Table B.5.2-3: EVM window length for normal CP, FR1, 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) (%)

	10
	256
	18
	8
	40

	15
	384
	27
	11
	40

	20
	512
	36
	14
	40

	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 B.5.2-4 below specifies the EVM window length (W) for extended CP. The number of CP samples excluded from the EVM window is the same as for normal CP length.
Table B.5.2-4: EVM window length for extended CP, FR1, 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) (%)

	10
	256
	64
	54
	84

	15
	384
	96
	80
	83

	20
	512
	128
	106
	83

	NOTE:	These percentages are informative.



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 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 B.6-1.
4.	Perform linear interpolation from the equalizer coefficients [image: ] and [image: ] to compute coefficients [image: ], [image: ] for each subcarrier.


Figure B.6-1: Reference subcarrier smoothing in the frequency domain
B.7	Averaged EVM
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:


------------------------------------------------<End of TP>-----------------------------------------------
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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 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, second  and third  reference  subcarriers are  the average of  the five  subcarriers on  left  

A.   Moving averaging at channel edge  

B.   Moving averaging for the case when the  number of available  reference  subcarriers within a set of contiguously  allocated RBs is smaller than the moving  average window size  

The first,  second and  third  reference  subcarriers  are the  average of  the five  subcarriers  on right  

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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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
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The first, second and third reference subcarriers are the average of the five subcarriers on left







Moving averaging at channel edge







Moving averaging for the case when the number of available reference subcarriers within a set of contiguously allocated RBs is smaller than the moving average window size







The first, second and third reference subcarriers are the average of the five subcarriers on right







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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