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Introduction:

Although RAN4 is still discussing  about Annex F in TS 36.101: Transmit modulation
R&S recommends to incorporate the following text proposal into TS 36.521-1 , Annex E.

It contains the algorithmic description to derive the  Frequency Error.

Frequency Error is a test of  high priority. It shall be completed by RP#42.

Text proposal

Editor’s note: This annex is incomplete. The following aspects are either missing or not yet determined:

· Spectrum Flatness in undefined in RAN4
· An restricted equalizer is under discussion in RAN4, while the current state contains a zero forcing equalizer
· An average EVM, comprising 10 individual values, is defined and compared against the test limit. The other sub-results of the Global In channel TX-Test deliver one value per sub-frame, hence 10 per frame. It is tbd, how to compare this individual values against the test limit.   
E.1 General

The global in-channel Tx test enables the measurement of all relevant parameters that describe the in-channel quality of the output signal of the Tx under test in a single measurement process.

The parameters describing the in-channel quality of a transmitter, however, are not necessarily independent. The algorithm chosen for description inside this annex places particular emphasis on the exclusion of all interdependencies among the parameters. 

E.2.1
Basic principle

The process is based on the comparison of the actual output signal of the TX under test, received by an ideal receiver, with a reference signal, that is generated by the measuring equipment and represents an ideal error free received signal. All signals are represented as equivalent (generally complex) baseband signals. 

The description below uses numbers as examples. These numbers are taken from frame structure 1 with normal CP length. The application of the text below, however, is not restricted to this frame structure.

E.2.2
Output signal of the TX under test 

The output signal of the TX under test is acquired by the measuring equipment and stored for further processsing.  It is sampled at a sampling rate of 30.72 Msps. In the time domain it comprises at least 10 consecutive subframes. It is named z(ν). Each subframe is modelled as a signal with the following parameters: demodulated data content, carrier frequency,  amplitude and phase for each subcarrier,  timing,  IQ offset. 
E.2.3
Reference signal

Two types of reference signal are defined:

The reference signal i1(ν)   is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: demodulated data content, nominal carrier frequency,  nominal amplitude and phase for each subcarrier, nominal timing, no IQ offset.  It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain.

The reference signal i2(ν)   is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: restricted data content: nominal Reference symbols, (all modulation symbols for user data symbols are set to 0V)  , nominal carrier frequency,  nominal amplitude and phase for each applicable subcarrier, nominal timing, no IQ offset.  It is represented as a sequence of samples at a sampling rate of 30.72 Msps in the time domain.
Note: The the PUCCH is not tested and is off during the time under test.

E.2.4 Measurement results

The measurement results, achieved by the global in channel TX test are the following:

· Carrier Frequency error
· EVM (Error Vector Magnitude)

· Origin offset

· Unwanted emissions, falling into non allocated resource blocks.

· Spectrum flatness

E.2.5  Measurement points
The unwanted emission falling into non-allocated RB(s) is calculated directly after the FFT as described below. In contrast to this, the EVM for the allocated RB(s) is calculated after the IDFT. The samples after the TX-RX chain equalizer are used to calculate  spectrum flatness. Carrier Frequency error and IQ offset  is calculated in the Bock “RF correction”.   
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Figure E.2.5: EVM measurement points

E.3.1 Pre FFT minimization process

Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into 10 peaces, comprising one subframe each. Each subframe is processed separately. Sample Timing, Carrier Frequency and I/Q offset in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum. 

The carrier frequency variation and the IQ variation are  the measurement results: Carrier Frequency Error and Origin Offset.
From the acquired samples 10 carrier frequencies and 10 IQ offsets can be derived.

Note 1. The minimisation process, to derive IQ offset and RF error can be supported by Post FFT operations. However the minimisation process defined in the pre FFT domain comprises all acquired samples (i.e. it does not exclude the samples in between the FFT widths and it does not exclude the bandwidth outside the transmission bandwidth configuration. This corresponds to the definition of the observation period in 36.101 Clause 6.5.1) 
Note 2. The algorithm would allow to derive Carrier Frequency error and Sample Frequency error of the TX under test separately. However there are no requirements for Sample Frequeny error. Hence the algorithm models the RF and the sample frequency commonly (not independently). It returns one error and does not distinuish between both. 
After this process the samples z(ν) are called z0(ν).

E.3.2 Timing of the  FFT window
The FFT window length is 2048 samples per OFDM symbol. 14 FFTs (28672 samples) cover less than the acquired number of samples (30720 samples) The position in time for FFT must be determined.
In an ideal signal, the FFT may start at any instant within the cyclic prefix without causing an error. The TX filter, however, reduces the window. The EVM requirements shall be met within a window W<CP.  There are three different instants for FFT:

Centre of the reduced window, called  
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,   ΔC –W/2 and ΔC +W/2.  
The timing of the measured signal is determined in the pre FFT domain as follows, using z0(ν) and i2(ν) :

1. The measured signal is delay spread by the TX filter. Hence the distinct boarders between the OFDM symbols and between Data and CP are also spread and the timing is not obvious.
2. In the Reference Signal i2(ν) the timing is known.

3. Correlation between (1.) and (2.) will result in a correlation peak. The meaning of the correlation peak is approx. the “impulse response” of the TX filter. 
The meaning of “impulse response” assumes that the autocorrelation of the reference signal i2(ν)  is a Dirac peak and that the correlation between the reference signal i2(ν)  and the data in the measured signal is 0. The correlation peak, (the highest, or in case of more than one, the earliest) indicates the timing in the measured signal. 
From the acquired samples 10 timings can be derived. 

For all calculations, except EVM, the number of samples in z0(ν)  is reduced to 14 blocks of samples, comprising 2048 samples (FFT width) and starting with  ΔC in each OFDM symbol including the demodulation reference signal.

For the EVM calculation the output signal under test is reduced to 14 blocks of samples, comprising 2048 samples (FFT width) and starting with ΔC –W/2 and ΔC +W/2  in each OFDM symbol including the demodulation reference signal.
The number of samples, used for FFT is reduced compared to z0(ν).  This subset of  samples is called z’(ν). 
The timing of the centre 
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 with respect to the different CP length in a slot is as follows: (Frame structure 1, normal CP length)
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 is on Tf=72 within  the CP of length 144  (in OFDM symbol 1 to 6)
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 is on Tf=88 (=160-72)  within  the CP of length 160 (in OFDM symbol 0) 

E.3.3 Post FFT equalisation
Perform 14 FFTs on z’(ν), one for each OFDM symbol in a subframe using the timing 
[image: image6.wmf]c

~

D

, including the demodulation reference symbol. The result is an array of samples, 14 in the time axis t times 2048 in the frequency axis f. The samples represent the DFT coded data symbols (in OFDM-symbol 0,1,2,4,5and 6 in each TS) and demodulation reference symbols ( OFDM symbol 3 in each TS) in the allocated RBs and inband emissions in the non allocated RBs within the transmission BW.  

Only the allocated resource blocks in the frequency domain are used for  equalisation. 

The demodulation reference symbol in the post FFT domain represent the Amplitude and Phase response of the TX chain during this OFDM symbol. There are two demodulation reference symbols per subframe, one per TS.
Before applying the demodulation reference symbols for equalisation, Amplitude and Phase of the TX chain are linearly averaged in time direction, comprising one subframe. The time-averaged amplitudes and phases are used to apply a zero forcing equalizer to all DFT coded data symbols 
The samples of the DFT coded data symbols are called Z’(f,t). (f covering the allocated subcarriers, t covering the subset of OFDM symbols carrying data symbols during the test duration). Z’(f,t) is used to calculate EVM.

The time averaged amplitudes of the TX chain minus the mean amplitude of the signal under test describe the (complement of) spectral flatness. They are called  ΔA(f) (f covering the allocated subcarriers)
The samples of the non allocated resource blocks within the transmission bandwidth configuration in the post FFT domain are called Y(f,t) (f covering the non allocated subcarriers within the transmission bandwidth configuration, t covering the OFDM symbols during test duration). 

E.4.1 EVM

For EVM  create two sets of Z’(f,t)., according to the timing ”ΔC –W/2 and ΔC +W/2” using the equalizer coefficients from E.3.3

.

Perform the iDFTs on Z’(f,t).  The IDFT-decoding preserves the meaning of t but transforms the variable f (representing the allocated sub carriers) into an another variable g, covering the same count and representing the demodulated symbols. The samples in the post IDFT domain are called iZ’(g, t). The equivalent ideal samples are called iI(g,t).
The EVM is the difference between the ideal waveform and the measured and equalized waveform for the allocated RB(s)
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where

t covers the count of demodulated symbols with the considered modulation scheme being active within the measurement period, (i.e. symbol 0,1,2,4,5and 6 in TS 1 and 2, (|T|=12 )

g covers the count of demodulated symbols with the considered modulation scheme being active within the allocated bandwidth. (|G|=12*NRB  (with NRB: number of allocated resource blocks)).  

[image: image8.wmf](

)

t

g

iZ

,

'

 are the samples of the signal evaluated for the EVM 
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is the ideal signal reconstructed by the measurement equipment, and
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 is the average power of the ideal signal. For normalized modulation symbols 
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 is equal to 1.

From the acquired samples 20 EVM value can be derived, 10 values for the timing ΔC –W/2 and 10 values for the timing ΔC +W/2
E.4.2
Averaged EVM

EVM is averaged over all basic EVM measurements, belonging to one timing, for 10 consecutive subframes.
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From the acquired samples 2 averaged EVM values can be derived: one for each timing. The highest of both shall fulfil the test requirements. 
E.4.3 In-band emissions measurement

The in-band emissions are a measure of the interference falling into the non-allocated resources blocks
Create one set of  Y(t,f) per subframe according to the timing “ΔC”
For the non-allocated RBs below the allocated frequency block the in-band emissions would be measured as follows
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where
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 is a set of  
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SC-FDMA symbols with the considered modulation scheme being active within the measurement period, 
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB),
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) is the lower (resp. upper) edge of the UL system BW, 

c is the lower edge of the allocated BW, and 
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 is the frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)

The relative in-band emissions are, given by
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where
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 is the number of allocated RBs 

The basic in-band emissions measurement interval is defined over one sub frame in the time domain except when the mean power between subframes is expected to change due to power control 
From the acquired samples 10 values for inband emissions can be derived.
E.4.4  Spectral flatness

The details of spectral flatness is still under discussion in RAN4.
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